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INTRODUCTION. 


Whilst tlie wants of Civil and Mechanical Engineers are provided 
for by such handy and valuable works of reference as the “ jjooket- 
books ” of Molosworlh, Hurst, and other well-known authors, the 
needs of the Mining Engineer in the same direction have hitherto 
been disregarded. Yet, by the nature of his calling the last-named 
is generally less able to furnish himself with a library, and cer- 
tainly quite as often is confronted with probhjins and difliculties, 
when the means of refreshing the memory with forgotten formula? 
or figures is very acceptable. 

The preparation of the present little volume has been undertaken 
with a view of supplying the want, and with a desire to embrace 
under one pair of covers inforiiialion on the many and various 
brunches of science with which the Mining Engineer is called upon 
at times to make himself familiar. Futhermore tlm economic or 
commercial side of the industry has not been overlooked, for the? 
ultimate aim of all mining is financial gain. 

Obviously it would be impossible to compile such a volume 
without utilising the published, and in some cases unpublished, 
work of others ; hut an endeavour has been made to acknowledge 
the source of all borrowed statements, except where disclosure has 
not been desired. This opportunity is taken to publicly thank 
those whose kind assistance has contribute*! so much to the value 
of this pocket-book. 

Finally, as it is intended to keep the volume periodically revised 
nd brought up to date, criticisms and sug] 
will always be gladly taken advantage of. 

0. G. WARN FORD LOCK, 


15, George Street, 

Mansion House, London, E.C. 
March 1, 1892. 
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MOTIVE POWER. 

Work. 

Work ia meAsured by product of the resistance and distance 
through which its point of application is moved. In performance 
of work by means of mechanism, work done upon weight is equal 
to work done by power. 

Unit of Work is the moment or effect of 1 lb. through a distance 
of 1 ft., and it is termed a fo')Upound, 

In France a kilogrammetre is the expression, or the pressure of 
a kilogramme through a distance of 1 metre = 7 * 233 foot-pounds. 

Horse-power , — H.P. is the principal measure of rate at which 
work is performed. One horse-power is computed to be equivalent 
to raising of 33,000 lb. 1 ft. Ingn per minute, or 550 lb. per second, 
or 33,000 foot-pounds of work. It is designated as being Nominal, 
Indicated, or Actual. 

A H.P. in work is estimated at 33,000 lb. raised 1 ft. in a minute 
but as a horse can exert that force for only 0 Ijours per day, one 
work H.P. is equivalent to that of 4* 5 horses, at a rate of 3 miles 
per hour. 

Cheml-vapeur of France is computed to be equivalent to 75 kilo- 
grammetres of work per second, or 7 • 233 foot-pounds, or 75 X 7 • 233 
= 542 • 5 foot-pounds, which is 1 • 37 per cent, less than American or 
English value. 

1 kilogrammetre = 7*23314 foot-pounds. 

1 foot-pound = 0*138253 kilogrammetre. 

Man Power. (Haswell.) 

Mean effect of power of men working to best practicable advan- 
tage, is raising of 70 lb 1 ft. high in a second, for 10 hours per 
day = 4200 foot-pounds per minute. 

Windlass , — Two men, working at a windlass at right angles to 
each other, can raise 70 lb. more easily than one man can 30 lb. 

Labour , — A man of ordinary strength can exert a force of 30 lb. 
for 10 hours a day, with a velocity of 2* 5 ft. in a second = 4500 lb. 
raised 1 ft. in a minute = *2 of work of a horse. 

B 
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Man Power — continued. 

A man can travel, without a load, on level ground, during 8 * 5 
Lours a day, at rate of 3*7 miles au Lour, or 31 *45 miles a day. 
He can carry 111 lb. 11 miles in a day. Daily allowance of water, 
1 gal. for all purposes ; and be requires 220-240 cub. ft. of fresh 
air per hour. 

A porter going short distances, and returning unloaded, can 
carry 135 lb. 7 miles a day, or he can transport, in a wheelbarrow, 
150 lb. 10 miles in a day. 

(7mm?.— The maximum power of a man at a crane, for constant 
operation, is 15 lb., exclusive of frictional resistance, which, at a 
velocity of 220 ft. per miriute = 3300 foot-pounds, and when exerted 
for a period of 2*5 minutes is 17*320 foot-pounds per minute, 

Pilc-drivini ), — In average work at a pile-driver, a labourer, for 
10 hours, exerts a force of 10 lb., plus resistance of gearing; and 
at a velocity of 270 ft. per minute, making oik? blow every 
4 minutes. 

Drawmj or P ashing.— A. man drawing a boat in a canal can 
transport 110,000 11). for a distance of 7 miles, and produce 150 
times the effect of a man weighing 154 lb. and walking 31*25 milea 
in a day ; and he can push on a horizontal plane 20 lb. with a 
velocity of 2 ft. per second for 10 hours per day. 

Pulley . — A man can raise by a single pulley 30 lb., with a 
velocity of *8 ft. per second, for 10 hours. 

Walking — A man c^iii piiss over 12*5 times the space liorizontally 
than he can vertically, and by walking in alternate directions upon 
a platform supported on a fulcrum in its centre, he can, weighing 
105 lb., produce an efl’ect of 3,984,000 foot-pounds, for 10 hours 
per day. 

Pumping , — A practised labourer can raise, during 10 hours, 
1,000,000 lb. water 1 ft. high, with a pr<;)perly designed and con- 
structed pump. 

Crank , — A man can exert on the handle of a screw-jack of 11 in. 
radius for a short pericKl a force of 25 lb., and continuously 15 lb., 
a net power of 20 lb. FieltPs tests gave 11*5 lb. as easily attained, 
17*3 as difficult, and 27 'G with great difficulty. Walker gives 
13 lb. at a velocity of 320 ft, per minute for 8 hours a day. 

Man’s Day’s Work. (D. K. Clark.) 

Labourer . — Carrying bricks or tiles, net load lOG lb. = 600 lb. 
1 mile. 

Carrying coal in a mine, net load 95-115 lb. = 342 lb. 1 mile. 

Ijoading coke into a wagon, net loiid 100 lb. = 270 lb. 1 mile. 

Loading a boat with coal, net load 190 lb. = 1230 lb. 1 mile, or 
20 cub. yd. of earth in a wagon. 

Breaking 1*5 cub. yd. hard stone into 2 in. cubes. 

A man can quarry 5-8 tons of rock per day. 
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Table 1. — Effective Power of Men for a Short Period. 


Manner of Application. 


Force. 


Bench-vice or Chisel . . 
Drawing-knife or Auger 

Hand-plane 

Haud-saw 

Screw-driver, one hand 
Small Screw -driver 
Thumb and Fingers 
Windlass and Pincers . . 


lb. 

72 

100 

00 

36 

84 

14 

U 

60 


Sraeiittdi c«ti mates the power of an ordinary labourer at ordinary 
work as 8702 foot-pounds per minute. In a particular case made 
by him in the pumping of water 4 ft. high, by good English 
labourtjrs, their power was equivalent to BU04 foot-pounds per 
minute. 


Table 2. — Labour Performed by a Man. (Morin.) 
For 10 Hours per Day. 


Manner of Application. 

Power. 

Velocity 

per 

Second. 

Weight 
raised. 
Feet per 
Minute. 

H.P. 

ibr 

P(.*ri«d 

given. 

Throwing earth with a shovel a height of 

lb. 

ft. 

lb. 

No. 

6 ft 

Wlieeling a leaded barrow up an Inclined 

* 

1 

1-33 

480 

8-7 

plane, i to 12 

Raising and pi idling earth In a shovel 13 ft. 

132 

•625 

4,950 

90 

horizontally 

Pushing and drawing alternately In a vcr- 

6 

2-25 i 

810 

14*7 

tical direction 

Transpoitlng weight upon a barrow, and 

13 

2-5 

i 

1,950 

:i5‘ 

returning unloaded 

For 8 Hours per Day. 

132 

1 

7,920 

144 

Ascending a slight elevation, imtoaded . . 
Walking, and pushing or drawing in a 

143 

*5 

4,290 

62 

horizontal direction 

26 

2 

3,120 

45-2 

Turning a crank 

For 7 Hours per Day. ' 

18 

2-5 

2,790 

; 39 

Walking with a loud upon his back . . . . 

For G Hours per Day. 

Transporting a weight upon his back, and 

88 

2-5 

13,200 

160*5 

returning unloaded ! 

Transporting a weight upon his back up a 

140 

1-75 

14,700 

IGO-S 

slight elevation, ami returning unloaded. , i 

140 

•2 

1,680 

19 

Raising a weight by his hands 1 

44 

•5 

1,320 

14*4 


B 2 
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To Compute Number op Men to Perform Work upon a 
Pile Driver. 

Jiule, — To product of weight to be niised and radius of crank, 
add friction of wheel, and divide sum by product of power and 
radius of whecd. 

F.x . — How' many men are required upon a pile driver, 20 ft. 
diameter, to raise a weight of lb., crank 9 in. long, weight 

of wheel and its load estimated at 5000 lb., and friction at *015? 
Weight of a man assumed at 325 lb. lladius of crank *75 ft. 
Meet of a man on a pile driver — 30 lb. at a velocity of 1*3 ft. 
per S(^cond = 1 ■ 3 x 60 ~ 78 ft, per minute, 

9233*33 X *75 4“ 5000 x *015 = 7000 Ih, resistance of load and 
78 

irheel, and 7000 -r- — ;rT7T^X 10 X 30 = 7000 load and 

20 X 3*1410 

trcitjht -i- product of power increased hy its velocity over load^ radius of 
wheel a7id power = 7000 1*241 X *10 x 30 = 18*8 men. 


To compute Effective Power of Men in raising Mineral hy Windlass* 

Pule, — Multiply the unit of work in turning a handle by the 
period and the number of men, and divide the result by the depth 
in ft. multiplied by the lb. iu a ton. 

Fjx . — 4 men working 8 hours a day drawing mineral from a 
depth of 25 ft. with a common windlass: how many tons will they 
raise? Ans, 


4 men x 8 hours x 60 minutes per hour x 2600 units 
of work per minute 
25 ft. deep x 2240 lb. in a ton 


= 88J tons. 


To find the Number of Men required to raise a Specific Quantity, 

Pule. — Multiply the quantity in tons by the lb. in a ton, by the 
depth in ft., and divide the rtsult by the number of times, multi- 
plied by the minutes per hour, multiplied by the unit of work. 

Ex. — To raise 88^ tons i)er day of 8 hours from a depth of 25 ft., 
Iiow many men required? Ans. 

_88i tons X 2240 lb. x 25 ft. _ ^ 

8 hours X 60 minutes X 2600 units 

Excavating, (Fairley.) 

A good ordinary labourer can dig and throw out into a barrow, 
per day of 10 hours: — 

8-10 cub. yd. common ground, 

6 „ firm gravel or stiff clay. 

3-5 „ when so hard us to need picking. 
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Animal Poweb. 

Results of obsorviitious upon animal power furnish the following 
as maximum daily etfects : — 

1. When etfect proiluoed varies from ‘2 to ‘8:1 of that which can 
be produced without velocity during a brief intt^rval. 

2. Wiieii the velocity varies fr m * 16 to *2%') for a man, and from 
•08 to *066 for a horse, of the velocity of whicli they are capable 
for a brief interval, and not involving any effort. 

3. When duration of the daily work varies from *33 Uj *5 for a 
brief interval, during which the work can be constantly sustained 
without prejudice to liealth of man or animal ; the time not ex- 
tending beyond 18 hours per day, however limited may be the 
daily task, so long as it involves a constant attendance. 


Table 3. — Horse Power. 

For 10 Hours per Day. (Morin.) 


i 

Manner of Application. 

1 

Power. 


H.P. 

for 

[‘eriCKl 

given. 

DrjJwing a 4-wheeled carriage at a walk 

i lb. 

ft. 

! lb. I 

No, 

1 154 

3 

27,720 1 

504 

With loud upon his back at a walk . . . . j 

Transporting a loaded wagon, and returning ! 

2(>4 { 

3*75 

59,400 ’ 

1080 

unloaded at a walk 

1540 

2 

184,800 i 

3300 

Drawing a loaded wagon at a walk . . . . 

1540 

1 

3*75 

346,500 

i i 

6300 


Upon a revolving platform at a walk 18,000 I 200*8 


For 4*5 Hours per Day. 


Upon a revolving platform at a trot . . , . ; 

Drawing an unloved 4-wheeled carriage at ; 

66 

6*76 

26,730 

218*7 

a (rot 

97 

7*25 

43,196 

353*6 

Drawing a loaded 4- wheel carriage at a trot, . j 

770 

7-25 

) 334,950 ) 

2741 


If traction power of a horse, when continuously at a walk, is 
equal to 120 lb., and grade of road 1 in 30, resistance on ii level 
being one-thirtieth of load, he can draw a load of 120 x 30 -i- 2 
= 1500 lb. 


Daily Work in France. (Charie-Mursaines.) 

Average daily work of a Flemish horse in North of France, 
where country is flat and loads heavy, is : — 

Winter, 21*82 ton-miles per day ne 

Summer, 27*82 „ „ j year, 25. 

Greatest mechanical effect of an ordinary horse is produced in 
opeiating a gin or drawing a load on a railroad, when travelling at 
rate of 2*5 njiles per hour, where he can exert a tractive force of 
150 lb. for 8 hours per day. 
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Tractive Power. 

At a speed of 10 miles per hour on a turnpike road, a horse will 
pr^rform 13 miles per day for 3 years. In ordinary staging, a liorse 
will perform 15 miles per day, 

AsBUtning maximum load that a horse can draw on a gravel road 
ps a siaudard, he can draw; — 

On best broken -stone road 2 to 3 times. 

On a well-made stone pavement . . 3 to 5 „ 

On a stone trackway 7 to 8 „ 

On plank road 4 to 12 „ 

On a railway 18 to 20 „ 

Loads. 


Assuming load that a horse can draw on a level at 100, he can 
draw upon inclinations as follows : — 


l 

lu 

100 

91 

1 

In 00 

85 

1 

in 30 

70 

1 

,, 

00 

90 

1 

„ 60 

82 

1 

„ 25 

64 

1 


80 

89 

1 

H 45 

80 

1 

20 

55 

1 

«( 

Y5 

88 

1 

„ 40 

77 

1 

„ 15 

40 

1 


70 

87 

1 

„ 35 

74 

1 

„ 10 

10 


On his hack a horse can carry 220-390 lb., or about 27 ‘5 per cent, 
of his weight. 

A draught-horse can draw 1(500 lb. 23 miles a day, weight of 
carriage inchideth 

Ordinary work of a horse may be stated at 22,500 lb. raised 1 ft. 
In a minute ft)r 8 hours per day. 

In a mill, he moves at rate of 3 ft. in a second. Diameter of 
track should not be less tljan 25 ft. 

A horse weighing 1232 lb. can draw a canal-boat at a speed of 
2*5 miles per hour, with a power of 108 lb., 20 mih'S per day. This 
is equivalent to a work of 23,7(50 foot-pounds per minute. 

From results of trials upon strength and endurance of horses at 
Bedford, it was determined that a good horse can draw 1 ton at 
rate of 2 ’5 miles per hour, 10-12 hours per day. 

Table 4. — Labour a Horse of Average Strength is capable of per- 
forming, at Diflercnt Velocities, on Oaiiiil, Eailroad, and 
Turnpike. (Traction estimated at 83*3 lb.) 


Velocity 
. i»er Hour. 

1 

Duration of 
Work. 

1 Useful Effect, drawn 1 mile.’ 

1 On a Canal. 

On a Railroad, 

On a Turnpike. 

miles. 

hours. 

1 

tons. 

tons. 

tons. 

2*6 

11*5 

520 

115 

14 

3 

8 

243 

92 

12 

4 

4*6 

102 

72 

9 

5 

2*9 

62 

67 

7*2 

6 

2 

30 

48 

6 

7 

1*6 

19 

41 

6*1 

8 

1*126 

12*8 

36 

4*5 

10 

•76 

6*6 

28*8 

3*6 
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Animal Power — continued. 

Actual labour performed by horses is greater, but they are 
injured by it. 

Tractive Power of a horse decreases as bis speed is increased, and 
within limits of low speed, or up to 4 miles per hour, it decreases 
nearly in an inverse ratio. 

Tractive Power. (Wood.) 

To find useful work of a horse. Rule, — Multiply the number of 
trips by distance of trip in miles and by weight in tons of each 
trip = tons drawn 1 mile per diem. 

A horse is capable of exerting a force of 120 lb. travelling at the 
rate of 2-3 miles an hour, and continuing for 10 hours, or for 
20 miles per diem. Thus — 

3 miles per hour x 5280 ft. in a mile _ 2(54 
()0 minutes in an hour 
264 X 120 lb. force = 31,680 foot-pounds. 

Examples of work to be done, — (I) Assuming the horse-power at 
120 lb., how many cars weighing 2Jcwt. (252 lb.) each can a horse 
draw on a tramway rising 1 in 120 and taking the friction at ? 
Ans, 

(262 lb, X tIo =) 2*1 + (252 lb. x =) 3*877 = 5*977. 

120 


(2) Assuming a car load to weigh 1600 lb., the line rising 1 in 
24, and friction at what force is necessary to draw it ? Ans. 

(1600 lb. X aV =) 36*66 + (1600 lb. x =) 24*6 = 91*26 
foot-pounds. 

Mule, (D.K. Clark.) 

Load on back, 170-220 lb. ; day^s work = 6400 lb. 1 mile ; 400 lb. 
at 2 * 9 miles per hour = 5300 lb. 1 mile, and 330 lb. at 2 miles per 
hour = 5000 lb. 1 mile. 

Upon a revolving platform, at a velocity of 3 ft. per second 
= 11,880 lb. raised 1 ft. per minute, or 172*2 H.P. for 8 hours per 
day. 

Ass. 

Load on back, 176 lb., carried 19 miles, day’s work = 3300 lb. 
1 mile. 

In Syria an ass carries 450-550 lb. grain. 

Upon a revolving platform, at a velocity of 2*75 ft. per second 
= 5280 lb. raised 1 ft. per minute, or 76*5 H.P. for 8. hours pei 
day. 
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Ox. 

An ox, walking at a velocity of 2 ft. in a second (1*86 miles per 
hour), exerts a power of 154 lb. = 18,480 lb. raised 1 ft. per 
minute, or 268*8 H.P. for 8 hours per day. 

A pair of well-conditioned bullocks in India have performed 
work = 8000 foot-pounds per minute. 

Wind Power. 

The altitude or head of the atmosphere at uniform density will 
be the altitude of a column of water 33*95 ft., divided by the 
specific gravity of the air, 0*0012046, or, 


0 *“0012046 ““ 

The velocity due to this head will be — 

V = 8*02 ^28,183 = 1346*4 ft. per second, the velocity with 
which the air will pass into a vacuum. 

When air passes into an air of less density, the velocity of its 
passage is measured by the difference of their density. 

H and h = density of the air in inches of mercury ; t = tem- 
perature at the time of passage ; and V = velocity of tlxe wind in 
it. per second. 

V = 1346-4^:^^ (l + 0-00208<). 

The force of wind increases as the square of its velocity. 

a = area exposed at right angles to the wind in sq. ft. ; 
F = force of the wind in lb. ; H = horse-power, and v = vdocity 
of the plane a in direction of the wind, -1- when it moves opposite, 
and — when it moves with the wind. 

F = 0 * 002288 a V®, when t? = o, 

P = 0-002288 a (V±e)» H = 

240,384 * b 

Ex. — ^A rail-train running E.N.E. 25 miles per hour exposes a 
surface of 1000 sq. ft. to a pleasant brisk gale N.E. by E. Kequired 
the resistance to the train in the direction it moves, aud the horse- 
power lost. 

E.N.E. - N.E. by E. = 3 points = 33° 45'; V = 14 ft. per 
second, a brisk gale; = 25 x 1*467 = 36*6 ft. per second, and 
F = 0*002288 sin. *33® 45' x 1000 (14 + cos. 33° 45' x 36*6)* 
c= 305*1 lb. 

QOfC.I on. A 

(Nystrom.) 
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Table 5. — Velocity and Force of Wind in lb, per sq, in, (Nystrom.) 


Miles 

Hour. 

Ft per 
Second. 

1 

1-47 

2 

2-93 

3 

4-4 

4 

5-87 

6 

7-33 

6 

8-8 

7 

10-25 

8 

H-75 

9 

13*2 

10 

> 14-67 

12 

17-6 

14 

20-6 

15 

22-00 

16 

! 23*45 


Force 
per sq, 
ft., lb. 


Common 
Appellations of 
the Force of 
Winds. 


Ft Tw»r 


Common 
Appellations of 
the Force of 
Winds. 


0-005 

0-020 

0-044 

0-079 

0-123 

0-177 


( Hardly 
I perceptible. 
(Just 

I perceptible. 
Gentle 

* pleasant wind. 


0-241 

0-315 

0-400 

0-492 

0-70S 

0- 964 

1- 107 
1-25 


Pleasant 
brisk gale. 



1 26-4 i 1-65 
I 29-34 I 1-968' 
j 36*67 1 3-075; 
I 44*01 ; 4-429; 
I 61-34 : 6*027: 
68-68 I 7-873 
66-01 ! 9*963 
73*35 |I2*30 
80-7 il4-9 

88-02 17-71 
95-4 |20-86 

102-6 24-1 

110 i27-7 

1117-36 31*49 
:i40-66 60 
I i 


I Very brisk. 

^ High wind. 

I 

► Very high. 

Storm. 

Great storm. 

^ Hurricane. 
Tornado. 


Windmills. 

To find tbe angle at which the sail should bo inclined to the 
plane of revolution at any distance from tlie ceutre : — 

Fule , — Multiply 18 twice by the distance from the centre, divide 
the product twice by the total radius, and subtract the quotient 
from 23 ; the roinaiuder is the inclination in degrees. 

Fx . — In a windmill GO ft. diameter, required tlie inclination of 
the sail 20 ft. from the centre. 

Here 30 ft. is the total radius, and = 8, which, 

30 X 30 

subtracted from 23, gives 15% the angle of that point. 

In a windmill about GO ft. diameter, the diameter of tlie middle 
point of the arm is 30 ft., tlie circumference of the circle in which 
that point revolves is 94 ft. and the number of revolutions made a 

6G(i 

minute, with a 5 mile an hour wind, is — , about 7- The speed of 

94 

the extremities of the arms is 1320 ft. a minute, or about 15 miles 
an hour, or 3 times that of the wind. Under ordinary circumstiinces 
the sfieed of the outer extremities of the arras ranges from 20 to 30 
miles an hour. We may assume 30 miles au liour when the wind 
blows at 10 miles with a pressure of about J lb. on the sq. ft. The 
total surface of the sails unfurled in a mill 60 ft. diameter, is 
1250 sq. ft. ; we may suppose half lost by furling, leaving 625 sq. ft. 
eifective. As the surface is sot obliquely to the wind, the pressure 
ill the direction of motion would be reduced from J Ib. to about 
I lb. as a mean over the whole of the arms, giving a total pressure 






10 


Motive Poweb. 


TrmdmiY/s—oontinuod. ’ 

in the direction of motion of about 90 lb. The mean velocity of the 
arms is half that of the extreme, 15 miles an hour, or 1520 ft. a 
minute. We have therefore 90 lb. movin" at 1520 ft. a minute, 
which is equivalent to a force of 90 x 1320 = 1 18,800 lb. moving at 
1 ft. a minute. Therefore the power of this mill is about 3§ horse- 
power. By doubling the diameter of a mill, we quadruple its 
power, for we iiuadiuple its effective surface. 

JTorse^power and Sail-area, (Moles worth.) 

HP = Horse-power. 

Y = Velocity of wind in ft. per second. 

A = '^rotal area of sails in sq. ft. 

N = Number of sails. 

, HP 1080000 
^ = 

HP- 

1080000 

Area of each sail = ~ • 

N 

Velocity of tips of sails = 2*6 V, nearly. 

Dimensions of Sails, (Molesworth.) 

Lengtli of whip 

Breadth of base 

Depth at base 

Breadth at tip 

Depth „ 


30 ft. 
12 in. 


4i 


Eule for Angles of Sails, (Molesworth.) 

A = Angle of the sail with the plane of motion at any part 
of the sail. 


K = Total radius of sail in ft. 

D = Distance of any pfirt of tho sail from the axis. 


A = 23° - 


18 W 
R* 


If the radius of the windmill sails be divided into six equal 
jmrts, the angles at each of those parts will be as follows, reckoning 
from the axis : 


Distances from axis 

1 

.9 

n 


« 

.& 

tk 

tip. 

Angle of sail with axis 

67^0 


711° 

76° 

79i° 

86® 

Angle of sail with plane of motion . . 

22i 

21 

18i 

15 

lOi 

6 
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Windmills — con tin ucd. 

Axis of shaft of windmill with horizon = 8® on level gronnd. 
„ „ „ r= 15® on high exposed 

positions. 

Breadth of wdiip at axis — ■51) length of whip. 

Depth „ ,, = 

Breadth of whip at tip = 

Depth „ „ 

Width of sail „ 

divided by the whip in the proportion of 5 to 3, 
the narrow jiortion being nearest to the wind. 
Width of sail at axis = length of wliip. 
DistaTice of sail from axis = I „ 

Cross-bars, 16-18 in. apart. 


« o 
8 0 


Water. 

The natural power contained in a fall of \trator is equal to the 
weight of the quantity of water passing over per second, multiplied 
by the vertical sjiaco through which it falls. 

Let Q be the quantity of water which passes through the orifice 
a in the time = 1 second, in cub. ft. of 62*5 lb. each, h = the 
vertical space the water falls ; then the value or natural effect of 
the fall is at the orifice a : 

P = 62*5 
But, Q = 5*06a 

Then we have P = 315*5 a h s/h. 

This will be in liorse-power, 

0*573 a A a/a; if = 0*1136 Qh, 

8 J'W II 

Ex , — If a creek passes 18 cub. ft, of water per second, how high 
must that creek be dammed up to produce an effect of 10 horses? 


Water-wheels. 

Power , — The gross power of a water-wheel is found by multiplying 
the weight P of the volume furnished by the stream in a second by 
the height H of "the fall. Dividing this product by 75 kilogram- 
metres (the work corresponding to 1 H.P.) we get the gross 
power F expressed in horse-power, 

^ PH 



Table 6 . — Comparison of Columns of Water in mrrcury in in,, and pressure in lb. per sq. in. (Nysirom.) 
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—cont inued. 

The effective power of the mill depends solely upon the kind of 
motor adopted : it is the product of the gross power by the useful 
effect K ot* the motor : — 

P H 

Effective power P <? = K 

It is therefore necessary in each particular case to choose the 
motor best adapted to the conditions of fall and volume in the 
stream to be uschI. 


Water: Turbines, proportions. (Cullen.) 


Q The quantity of water in cub. ft. per second. 
H The height of thii waterfall in ft. 

P The H.P. of the water at 75 per cent. 


d The inner diameter of the wheel 

N The number of buckets 

B The breadth of shrouding 

8 The shortest distance between two buckets 




Q 


+ I- 


= d X 3 + 28. 
_ d X 55 
~ N 


4'5* 


D The external diameter to point of buckets 

A The sectional area in inches between all 
the buckets , 

h The hciglit of buckets 

h The breadth of rim for directors 
r The radius for centre of directing channels 

V The velocity of inner circumference for low 

fnUs 

V The velocity of inner circumference for' 

higli falls ^ 

R The revolutions of wheel per minute 


U The diameter of turbine shaft in inches , , 


— B X 2 -f" d. 

~ Q X 

“ Vii X 2-18‘ 
_ A 
■"NS* 

= 8 X 2*8. 

= D X 3*6. 

= Vh X 4-4. 


Vh X 8*1. 
V X 60 


d X Y 


V 


®/P X 240 


K 
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WaUr — continued. 

V U 4 Q X CO r 1 • 1, f n \ i. K Q X ^»c - 

— A = — r-V- for high falls ; but A = - ^ ' 7 -- for 

/v/Hx218 ii-08 

falls under 38 ft. Power is gained by extending the shroud about 
J its breadth past the buckets when the water leaves them. 


To find the Power of the Wheel at 75 per cent. — The cub. ft. of 
water passing through the wheel per minute, multiplied by the 
height of the waterfall, and divided by 700, will show by the 
quotient the power of the wJiecjl. Thus, givtui 100 cub. ft. of water 
per second on a wat(irfall of 1) ft., required tlie proportions for a 
turbine in accordance with the foregoing rules, to be driven by 
60 cub. ft., and 25 occasionally, and at the time of working with 
these sujjplies to produce at least 75 per cent, of useful etfeet : — 




Q 

4/h 


-1- *1 = 7*03 ft., the interior diameter. 


d X 3 + 28 = 49, nearest number of buckets. 


d X 55 


7 * 89 in., breadth of shrouding to point of buckets. 


---r = 1*753 in., shortest distance between two buckets. 
4*5 


B X 2 + d = 8*345 ft., exterior diameter. 
Q X CO 


VH X 2*08 


901*53 in., sectional area of bucket opening. 


= 11*175 in., collected height of buckets. 


S X 2*8 = 5*800 in,, brccwlth of rim of directors, 
d X 3*G = 25*308 in., radius for directors. 

VbT X 4*4 = 13*2 ft., velocity of inner circumference. 


= 34*54 revolutions per minute. 

d X j 

77*14 X 240 ^ . ,. , „ , 

— = 8*12 in., diameter of shaft. 


34*54 
11*175 


= 5*5877 in. high, first tier of buckets to pass 50 ft. 


6*5877 _ 2*793 in. liigh for second and third tiers, each to 
2 pass 25 ft. 
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Water — continued. 

Or, required the number of cub. ft. of water per minute, and all 
the other dimensions necessary to construct a turbine that will have 
34 H.P. on a waterfall of 99 ft. 2 in. 

34 y 700 

= 240 cub. ft. of water per minute, or 4 per second. 

99'IG ^ ^ 




1 = 1* 029 ft., the interior diameter. 


d X 3 + 28 = 31 , nearest number of buckets. 

= 1 • 820 in., breadth of shrouding. 


— - = *400 in., shortest distance between two buckets. 
4o 

B X 2 + d = 1 * 333 ft., exterior diameter to point of buckets. 

Q X 00 __ 11*00 sq. in., sectional area of openings between 

7Hx 2-18“ buckets. 

S X 2 * 8 = • 9288 in. for rim of directors. 


— - = * 888 in., height of buckets. 

d X 3*0 = 3*094 in., radius of directors. 

X 8*1 = 37*473 ft., velocity of inner circumference. 

= 715-49 revolutions per minute. 

dxj 

^ z= 2J in., diameter of shaft. 

^ 715*49 


In simpler terms, the height of the fall in ft. multiplied by the 
number of cub. ft. of water per minute, divided by 706, will give 
the actual brake H.P. The H.P. required multiplied by 700, and 
divided by the height of the tall in it., will give the number of 
cub. ft. of water required per minute. Wl.en the available quantity 
of water and the reejuisite H.P. are determined, the H.P. multi- 
plied by 700, and divided by the quantity of water in cub. ft. per 
minute, will give the height of fall in ft. that will be required to 
produce the H.P. It must be remembered that these rules are 
based upon 75 per cent, efficiency. But when overshot water- 
wheels are used, the factor 700 must be altered to 815 ; or allowing 
only for 05 per cent., which is as much as can safely be relied 
upon, after deducting the loss of power in gaining speed by means 
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Water — continued. 

of heavy gearing wheels. A good turbine will give 75 to 80 per 
cent., but in practice nothing more than 75 per cent, should bo 
depended upon. 

The old-fasliioned water-wheel is, at best, clumsy and cumbrous, 
but in crises where the fall is less than 20-25 ft, it may be used, 
provided there is no scarcity of water, and that the cost of transit 
of so })oiiderou8 a machine is not serious; but the danger of acci- 
dent to the gearing wheels, and the wear of bearings, render it out 
of place in most instances. It is very largely superseded by 
turbines, which are so much lighter, and whicli make so much 
better use of the water. 


Water : Turbines, 

Table 7. — Water required {in cub. ft. per minute) for various powers 
under various heads. 


Horse Power. 





8 

10 

16 

20 

30 

40 

60 

60 

70 

80 

3 ft. 

fall 


18H3 

2363 

3630 








4 



1412 

1765 

2648 

3630 







6 



941 

1176 

1765 

2353 

35.30 






8 



706 

883 

1324 

1766 

2648 

3530 





10 



565 

706 

1059 

1412 

2118 

2824 

3530 




12 



471 

688 

883 

1176 

176.5 

2353 

2940 

.3630 



16 



377 

471 

706 

942 

1412 

1884 

2.353 

2824 

3295 


20 



2H2 

363 

530 

706 

1059 

1412 

1766 

2118 

2471 

2824 

25 



226 

; 282 

424 

665 

847 

i 1130 1 

1412 

1694 

1977 

2260 

30 



189 

' 236 

353 

471 

706 1 

1 942 

1176 

1412 

1648 

1883 

36 



161 j 

202 

303 

403 

606 1 

! 806 

1010 

1212 

1412 

1612 

40 



141 ! 

176 

266 

353 

530 

706 

883 

10.59 

1236 

1412 

46 



125 

167 

235 

314 

471 i 

628 

784 

941 

1098 

1255 

80 



113 

141 

212 

282 

423 1 

565 

706 

847 

988 

1130 

60 



94 

118 

1 176 

235 

353 j 

471 

688 

706 

824 

942 

, 70 



81 

101 

151 

202 

303 

1 403 

505 

606 

706 

807 

80 



71 

88 

1 132 

176 

265 : 

353 

441 

630 

618 

706 

100 



66 

71 

106 

141 

212 

282 

353 

424 j 

494 

565 


The eflSciency is calculated at 75 per cent. 


Table 8 . — ^Watbb : Measures, 

1 cub. in. fresh water = '03621 lb. ; cub. in. x *00360 = gallons. 

1 „ ft. „ =6-24 Eng. gal., or 6 • 32 IJ.S. gal., or 62 ' 425 

lb., or -557 cwt., or *028 ton. Cub. ft. x 
6-232 = gallons ; or x 62' 35 = lb. ; or 
X 35 * 92 tons. 
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Water — continued. 

1 cub. in. sea water = 64*11 lb. ; weight of sea water = 1*027 of 
fresh water. 

1 „ „ ice = 57 * lb. 

1 „ yd. fresh water = 1682*5 lb. 

1 Eng. gal. „ =10 lb., or *16 cub. ft., or 4*543 litres; 

gallons X 16045 = cub. ft., or x 277*274 
= cub. in., or x *0044 = tons. 

1 lb. = *01607 cub. ft., or *1 gal.; lb. X *01607 

= cub. ft. 

1 cwt. „ =1*8 cub. ft., or 11 *2 gal. 

1 ton „ = 35*9 cub. ft., or 224 gal. ; tons X 223 897 

= gallons, or x *02783 = cub. ft. 

1 litre „ = 61 cub. in., or *0353 cub. ft., or *22 gal. 

Ikilo „ = 2*204 lb. 

1 cub. metre „ = 1000 kilo., or 1000 litres, or 3531 cub. ft., 

or 1*308 cub. yd., or 220 gal., or 1 ton 
approximately. 

A column „ = a pressure in lb. per sq. in. = half the 

height in ft. ; or 1 ft. high = *434 lb. per 
8(p in.,* or 1 lb. per sq. in. = column 2*31 
ft. high. 

Rainfall in inches x 2,323,200 = cub. ft. per sq. mile, or x 14 J = 
millions of gal. per sq. mile. 

P = Pressure in lb. per sq. in, 

H = Hoad of water in ft. 

V = Theoretical velocity in ft. per second. 

(j = Force of gravity. 

P = H x *4335. n = P X 2*307. 

Pressure per sq. ft. = H 62 * 4. 

Sf = 32-2. 2fl' = (i4-4. ^^2^= 8-025. 

V = v'27 H = 8 025 VSL 

H = ^ = • 0155 V*. J-= ■ 0155. 


Water Supply, calculating, (Stone.) 

The water supplied to miners from tlie races of the Victoria 
Government is given in three ways: — (a) Through a gauge box, 
with a pipe of a length equal to two diameters attached. (6) Through 
a siphon pipe from the channel, (c) Through a sluice-gate opening 
of known dimensions, and with a stated head kept on it. The 
modes of calculating the quantity of water passed tor these three 
different methods are as follows. (Stone.) 

Foi* calculating the quantity of water passed through a short 
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Water — continued. 

pipe of two diameters, with square edges, attached to a box, the 
following formula may be used : — 

G = Vh 13, 

which, when tlie diameter is required, may be stated 

“ \/ (.Tinni)’ 

and when the head is required, 



where 

G = gal. per minute ; 

H = head in ft. ; 

d = diameter in in. 

The table on p. 22 is oalcuhited from this rule, and can be extended 
as follows, this extension being based on one of the laws which 
govern pif)es. 

Rule . — The discliarge of any pipe or series of pipes is proiK)r- 
tional to the square root of the head when the length and diameter 
are constant; therefore, supposing wo wanted the discharge through 
a 4-iu. pipo with 4 ft. head, we have by the table for 1 ft. head 
208 gal. per minute; therefore, for 4 ft. head the discharge will be 

As Vr : fJi : : 208 : 41 G gal. per minute. 

By logarithms. 

Logof4 = 0-6020GOO 

Log of 1 = 0-0000000 -4- 2 0-3010300 
-5- 2 = 0-0000000 log of 208 = 2-3180G;{3 

2-G190933 
Log = 0-0000000 

2-G190933 

Number corresponding to log 416 

2. In calculating the quantity of water passed through a siphon 
pipe, three things should actually enter into the calculation : — 
let. The head due to velocity of entry. 

2n(i. The head due to the bend at the top. 

8rd. Tiie head due to friction in the pipe. 

But as the formula for obtaining the second is very complicated, 
and as if a large radius is given to the bend it does not make 
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Wa^(?r— continued. 



much difference in the practical result, it may be omitted by the 
practical miner. 

For the first head we shall have, therefore, 


11 — ( 



\d^ X 13 

; 

and for the third 

G2 X L 
“ (3 X df 


Taking the siphon, we will assume at first that the discharge 
will be 100 gal. per minute ; therefore, neglecting the bend, 

For velocity of entry » 

/ 100* Y 

\2-75* X laj 

Head in ft. required. 

= 0-01034 

For friction. 

1002 X 22 
(3 X 2-75)» 

= 5*75640 


Total head .. 

.. .. 5-76674 

By logarithms. 



Log of 100 : 
Log of 2-752 X 13 : 

= 2-0000000 
= 1-9926088 

Log of 2*75 = 0-4393327 
X 2 2 

X 2 

0-0073912 

2 

0-8786654 
X 13 1-1139434 

Number corresponding 
Log of 100 = 
X 2 

0-0147824 
-01034 
= 2-0000000 

2 

1-9926088 

Log of 2-75 = 0-4393327 
„ „ 3 = 0-4771213 

X 22 

4-0000000 

1-3424227 

0-9164540 
X 5 5 

Log of (3 X 2-75)» = 

5-3424227 
= 4*5822700 

4-5822700 

Number oorresponding 

0-7601527 

6*7564 

c 2 
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Water — continued. 

Then by the rule before mentioned we have 


As V5 -76074 : VlO : : 100 


Gal. per minute 
required. 

: 131-68 




By logarithms. 


Log of 10 = 1-0000000 
-f- 2 0-5000000 

X 100 2-0000000 


Log of 5 • 76674 = 0 - 7 609274 2 • 5000000 

0-3804637 

For square root -j- 2 = 0 • 3804637 

2-1195363 

Number corresponding to log 131 ‘68 
The discharge through the siphon pipe is therefore, neglecting 
the bend at the summit, nearly 132 gal. per minute if it is wished 
to include the bend ; if the head required for the bend were added, 
if it is of a largo 7'adius the difterence would be practicrally m)thing, 
but if of small radius it should be added, as it would reduce the 
discharge. 

3. In calculating the quantity of water passed through a sluice 
gate with side walls, the formula to be used for obtaining the 
number of gal. per minute with a given head and opening is 

G = 8-025 X VH X -6 X a X 6-23 x 60, 
and for the head required on a certain opening to give a certain 
discharge, 



I 8-025 J 

Ex . — ^What will a sluice gate opened 1 ft. and 3 ft. wide discharge 
with a head to the centre of the orifice of 1 ft. ? By the formula 
Gal. per minute. 

8-025 X Vl X -6 X 3 X 6-23 x 60 = 5399-54 

8-025 14-4450 

1 6-23 


8-025 

•6 


4-8150 

3 


14-4450 

or a little over 5399i gal. per minute. 


433350 

288900 

866700 


89-992350 

60 


5399-541000 
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continued. 

If the head had been required to pass 5399*54 gal. per minute 
through a sluice opening of 1 ft. x 3 ft. 

By formula 



373 -80)5399 -54(1 4 ‘445 
37380 

16C154 

149520 

166340 

149520 


3)14*4450 

•6)4*8150 

8-025)8-025 

1-000 

[ and the square of 1 is 1 ; therefore 
the head required is 1 ft. 


168200 

149520 


186800 

186900 

The water may occasionally be supplied from a sluice valve, and 
then the following formula3 aro applicable, assuming that a length 
of pipe of not more than 2 to 3 diameters is attached to it, for 
if more pipe is attached, then the friction in the pipe also must be 
taken into a(;couut. Assuming, therefore, that the pipe is not 
longer than twice or three times the diameter of the sluice valve, 
we may use 

G = VIT X d" X 10 



Ex , — What is the discharge of a sluice valve 4 in. diameter with 
a head on the centre of the valve of 1 ft. ? By the formula 

VT X 4* X 10 
= 1 X 16 X 10 
= 16 X 10 

ss 160 gal, per minute. 
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Water — continued . 

If the head is required to discharge 160 gal. per minute, we 
have 


For diameter we have 


/ 160 Y 

Xio) 

160 

V \Vl X 10/ 
/ ioo 
10 

= = 4 in. 


(Stone.) 


Table 9. — Water Supply : 


Discharges through a Short Pipe of two Diameters coming from a BoXy 
with a Head on the Centre of the Pipe * of \ ft, (Stone.) 


Diameter; 

in. 

1 Dificlmrge ; 

1 pal. I>er 

1 minute. 

Discliarge ; 
gal. in 

8 hours. 

Remarks. 

i 

3-25 

1,660 

The head assumed to give the dis- 

1 

13'00 

6,240 

charge shown is in ail cases 1 ft. in 

H 

29*25 

14,040 

this table. 

2 

62*00 

24,960 

The discharge for any other head 

24 

81-26 

39,000 

may be found hy the rule that the 

3 

117-00 

56,160 

discharge is proportional to the square 

34 

169-25 

76,440 

root of the head. 

4 

208-00 

99,840 

A sluice head in Victoria is equal to 

44 

263-25 

126,360 

about 200,000 gal. in 24 hours, there- 

5 

325*00 

156,000 

fore a 4-in. jiipe in u box of the 

64 

393-25 

188,760 

description given should have a head 

6 

468-00 

224,640 

of 0*668 ft. or 8^ in. over the centre 

64 

649*26 

263,640 

of the pljK* to give one “sluice head.” 

7 

637-00 

305,760 

The head should be measured to still 

74 

731*25 

351,000 

water- or an addition made for velocity 

8 

832*00 

399,360 

of approach. 

84 

939*25 

450,840 


9 

1053*00 

606,440 


94 

1173-26 

663,160 


JO 

1300*00 

624,000 


104 

1433*26 

687,960 


11 

1673*00 

755,040 


114 

1719*25 

826,240 


12 

1872-00 

898,660 



This pipe is supposed to be horizontal. 
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Wateb ; Miners^ “ inc4,” 

The “miners’ inch ” is an arbitrary measure of the quantity of 
water which will flow through a given space in a given time, 
adopted in the early days of American gold-mining, and 
estaolished by the law of eacli miners’ camp, without any attempt 
at a universtil scale. Thus there are scarcely two localities where 
the miners* inch has the same signiflcation, the size and shape of 
the outlet and the manner of discharging the water varying 
constantly. 

The most common way of estimating the “ inch ” is the amount 
of water which will pass through an opening 1 in. square in a 
plank 2 in. thick, with a pressure of 6 in. above Ihe opening or 
7 in. over the centre. The thickness of the plank is sometimes 
3 in. The lower front end of the discharge is usually chamfered. 
Raymond says that with an aperture of 1 sq. in. and a pressure of 
(j in., the “inch” will equal 94*7 cub. ft. per hour. In other 
localities the pressure used is 10 in., making 109*1 cub. ft. per 
hour. The average Californian miners’ “inch” he puts at 100 
cub. ft. per hour, or 1000 cub. ft. per day of 10 hours. He adds the 
following table of the standard miners’ inch : — 


Prossnre from 
Surface to 
Top or Middle 
of Orifice. 

Miners’ 

inch. 

Cub. Ft. (each 6*23 gal.). 

Authority. 

Per 

Second. 

Per i Per 
Minute. ' Hour. 

Per 

24 Hours. 

in. 

G 

10 

C to 10 

1 

1 

3H 

1000 

1 

1 

10 

100 

1000 

0-039 

0-020 

1 -000 
20i j 
0-03 1 

0-027 
0*27 1 

1 2-7 

27 

1 

2-31 i 140 
l-.^>7 i 94-7 

60-00 1 3600-0 

1580 . 94,700 

! 1-8 109'] 

1 1*6 j 100 

16 ' 1,000 

1 106 i 10,000 

1 1666 1 100,000 

.3,360 

2,274 

86,400 

2,274,600 

2,618 

2,400 

24,000 

240,000 

2,400,000 

Ilitteli. 

Carpenter. 

1 Standard 

1 experimental 

1 miners' inch. 


The Milton Co. reckon a flow through an aperture 12 in. wide 
and 12f in. high, when the water stands G in. above the top of the 
opening, as 200 “ inches.” 

Raymond observes that the usual acceptation of the miners’ inch 
is that given by Hittell, and he quotes the following formula from 
Has well for making the calculation : — 

(/eV C = V ; 

h being the breadth, K the distance from tl)e sill to the surface, and 
h the distance from the top of the opening to the surface in feet, 
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Water — continued, 

while C is the coefficient of discharge assumed at 0*750, and V 
the volume in cub. ft. per second ; thus — 

(iVV' X 0-750 = 0-031 nearly. 


He thinks the coefficient of discharge is perhaps a little too high. 

Egleston states that the quantity of water wliich will flow from 
an opening 1 in. square will bo 03 lb. per minute. The opening, 
however, is never made 1 in. square, but 
is always longer or higher, which will neces- 
sarily inorciise the quantity of water which 
will issue from each sq. in. Thus the 
quantity of water which is given by a single 
s([. in. opening will be 03 lb. per minute, 
and from nii opening 1 in. X 2 in. will be 
J9()J lb., and with 1 in. X 100 in. each inch 
will pass 111 lb. Sometimes the opening is 
2 in. liigh. At North Bloom Odd, it is 48 
in. long X 2 in. Jiigli, with a prt Hsure of 
0 in. above the opening. Each sq«mre inch 
will tlius furnish 4252 cub. ft. per 24 hours. 
At Eurtika, the opening is the same, 48 in. x 
2 in., with 0 in. })ressure above the top of the 
opening, so that each squani inch will furnish 
3240 cub. ft. per 24 hours. ... The La 
Grange inch is equal to 2’ 150 cub. ft. To 
determine the value of the North Bloomfield 
“ inch,” the water was made to discharge through a Sdn. plank. 
The bottom of the opening was above the bottom of the tank 
holding the water (Fig. 1), and was chamfered oil* 1 in. from the 
outside, so that the outside opening was 4 in. high. The value of 
thi8“incli ” is given in the following table, which sliows, according 
to Bowie, the variations in some of the “inches” and their 
supply : — 


Fig. 1. 



Name of Mine. 

Height of 
Opening. 

Length of 
Opening. 

Pressure 
over Centre 
of Opening. 

Quantity ills- 
churgrd by 

1 sq. in. per 
minute. 

Quantity 
discharged 
in 24 hours. 


in. 

In. 

In. 

cub. ft. 

cub. It. 

Smartsvllle . . . . 

4* 

t 

9 

1*7C 

2534-4 

Park Mining Oo. . . 




1-39 

. , 

North Bloomfield . . i 

2* 1 

00 


, , 


Kureka 

^ 1 

48 

7 

•• 

•• 


* The bottom of the aperture is on a level with the bottom of the box, 
t An openiug 260 in, long X 4 in. wide will discharge 1000 SmartsvlUe “ inches. ’ 
The d^ is usually reckoned a-i ll hours. 
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Water — continued. 


One miner's in. discharges in 1 second 
„ „ 1 minute 

„ „ 1 hour 

„ „ 24 hours 

Ratio of actual to theoretical discharge 


H. Smith. 1874. 
cub. ft. 

0- 2624 

1- 5744 
94*4640 

2267*1360 
61-60 ixjrcent. 


A. J. Bowie, 1876. 
cub. ft. 

0-2409 
1*4994 
89*9640 
2159*1460 
59*05 per cent. 


Raymond remarks the discrepancies among different companies, 
thus — 



Height of 
Aperture. 

Pressure. 


Eureka Co. 

. . 2 in. 

6 in. . 

( The amount delivered by them through 
t 20 in. X 2 in. is considered 40 in. 

Excelsior 
Sears . . 

.. — 

10 

30 „ 

I* Measured from centre of orifice. 

Mukelimme 

. . — 

4 „ . 


Campo Seco 

— 

4 „ . 


Pbeenix 

. . 3 in. . . 

4 

Over the orifice. 

Gold Hill 

2 „ 

4 . 

An inch wide. 

Another 

.. 3 „ 

none 

An inch wide. 


At Smartsville, water is sold with a head of 9 in., with a 14-in. 
opening 125 in. long, giving 11*8 per cent, for an “ inch ” more than 
is usually given. The quantity discharged through an opening 
4 in. deep, with a 9-in. head over the middle of the opening, with 
the coefiioient of discharge = 0*0015 is 100*6 cub. ft. per hour, or 
1*7707 cub. ft. per minute. A “ head of water is 500 in. daily for 
10 hours, and is the quantity required for a first-class hydraulic 
operation. 


ITorse^ I\)wer of Miners' inch , — ^Theoretical horse-power of the 
miners* “ inch ** (Egleston) : — 


Heads in ft. 
Inches to H.P 


300 

90 

80 

70 

60 

50 

40 

30 

20 

15 

10 

5 

3 

1 

3*26 

3-61 

4-06 

4-64 

5*41 

6-50 

8-12 

10-8 

16-2 

21-6 

32*5 

65 

108 

325 


With a moderate ditch delivery of 4000 in., or 5 heads at 800 in., 
the work done may bo 1 cub. chain or 10,000 cub. yd. per day, or 
in a 10 days* run, an acre 1 chain deep or 100,000 cub. yd. Taking 
an average of 2000 cub. yd. per day of 10 hours, moved by 300 in. 
of water, 5 days would move a cub. chain or 10,000 cub. yd. ; 
800 in. at 100 ft. head working 10 hours = 800 10-ft. cubes of 
water = 800,000 cub. ft., weighing 24,880 tons, without adding the 
pressure arising from the head employed. This will move through 
ordinary sluices, at a grade of 8 to 12 in. per box, 3000 cub. yd. of 
loosened gravel, or 2000 cub. yd. of ordinary uncemented iMink 
gravel, say an average of 2500 cub. yd., weighing 8300 tons 
or = i of the weight of the water employed. Reckoned by 

“ inches,” the urnount of gravel moved = 3 times as many cub. yci. 
as there are miners* “ inch^es ** used. (Raymond.) 
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Water: Measuring Stream, 

(a) The breadth, depth, and velocity of a stream in feet per 
ihinute as travelled by a chip, may be estimated by the eye. The 
flectional area bein^j reduced to sq. ft. and decimals, we have multiple 
X CO = cub. ft. per Ijour ; divided by 100 = miiu rs^ “ inches.** Or, 
observe C seconds, and the distance x area x C = miners’ 
“ inches.’* 

(b) If the channel of the stream has a moderately even outline, 
measure its deptli at ref^ulfir intervals from shore to shore. Add 
all these depths together, and divide the sum by the number of 
soundings. An average depth is thus gained. Calculate then the 
urea of the section by llie rule for fin(ling area of a section of a 
flume with straight sides. Measure the velocity by means of a 
float, and make the test about half way b(?twccn the hank and the 
centre. Multiply the area by the velocity, end the product will be 
the flow. Of course the test for velocity should be made at the 
same point where the measurements for depth are ina<le, and a 
place on the stream should be selected for both where the banks 
are as nearly parallel as may be, and where the current and flow 
are the most tranquil. Ex, — A stream is 24 ft. broad, and 10 
soundings at every 2 ft. on a line from bank to bank give 2, 6, 8, 
9, 7, 11, 11, 10, 9, and 2 in. as the depths. The average velocity as 
determin(‘d by float is 4 ft. per second. What is the fl(»w? Ans , — 
The sum of the 10 soundings is 75 in., which gives an average depth 
of 7*5 in., equal to *625 It. The area of the section then is 24 
multiplied by *625 = 15 sq. ft. The velocity being 4 ft. per 
second, the flow is equal to 15 multiplied by 4 = GO ft. per second. 
If the stream runs over a bottom so irregular that an average depth 
cannot be gained, or an average velocity measured, there is no re- 
course but to construct an artificial cliannel, having no grade, into 
which it may be turned while measures are made. (Von Wagenen.) 

(c) H. T. Turner has lately reviewed the methods used by 
engineers to estimate tlie quantity of water (1) when flowing from 
a state of rest in a i)oud through an artificia l notch, and (2) when 
flowing in rivers where the stream is greatly disturbed owing to 
the roughness of the bed. The unit of measurement coimuonly 
employed is the cub. ft. discharged per second of time, though for 
convenience results are often expressed in sucli derived units as 
“ million gal. p< r 24 hours.” 

Notch-gauging, the commonest of all methods of measurement, 
from the simplicity of the apparatus, observation, and calculation 
necessary, is applied to ascertaining the flow from a still pond or 
reservoir, the dimensions of which UiUst be so largo relatively to 
the volume being discharged by the notch, that the water in the 
neighbourhood of the exit may be in a sensibly statical condition. 
The form of overfall notch is either rectangular or V-skaped. The 
plate, usually of metal, which forms the edge of the notch, should 
be 8-4 in. wide, smooth on the up-stream face, and bevelled away 
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at the edges on the down-stream face, so as to present a fairly 
sharp edge to the flowing stream. The weir, in which the plate is 
fixed vertically, and on tho up-stream side, should extend beyond 
each end of tlie notch for a distance not less than 3 times the 
greatest height of water proposed to be passed over the notch sill, 
and the depth of water below the sill should also not be less than 
this. Another important feature is that the surface of the pond on 
the down-stream side of the notch, into which the water dis- 
charges, should bo sufficiently below the sill to avoid reduction of 
the atmospheric pressure on the under side of the stream, through 
the closing in of the ends and exhausting action of the flowing 
water. Tiie above precautions are essential to aoccurate notch- 
ganging, to ensure uniformity of the flow. For its estimation by 
this method depends mainly upon the rc^sults of previous experi- 
ment made under such condit ons, and it is therefore necessary to 
observe similarity of conditions in the practical cases to which 
these results are to be applied. 

The rectangular form of notch is used for measuring a fairly 
constant flow, and the V notch for small and variable flows. In 
both cases the discharge is the product of the area of the stream in 
tho plane of the notcli into its mean velocity past that plane : or 
Q = AV. 

For the rectangular notcli, the ordinary expression for Q, the 
rate of discharge in cub. ft. per second, is 

Q= 

Where I is the length of notch ; 

„ h is tho height of still-water surface above the notch- 
sill ; 

And C is a coefficient determined by experiment. 

The truth of the expression depends uj)on a proper value being 
assigned to C, to ascertain which many cartful experiments have 
been made. An examination of these shows a striking coincidence 
in their results when applied to precisely similar conditions, and a 

general variation of C as 

TJiat this coefficient should be some function of would appear 

evident from the consideration, that whilst tho influence of the 
ends of the notch, termed end-contractions, upon the discharge 
depend in some manner upon A, their effect relatively to the toial 
discharge must vary inversely as L 

Although the phenomenon has been noticed both by experi- 
menters and by those who have deduced rules for pmctieal use 
from their results, it has been customary to obtain from each series 
of experiments a mean coefficient ; and as the investigators have 
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chiefly confined their experiments to short notches, with con- 
sequently but a small range in the values of y , these mean co- 
efiicients do not widely differ from one another : — 


Name. 

Dubuat 

fiytelwein . . . . 

Bidone 

Ponot let and Lesbros 
Brindley and Sinealon 
Blackwell . . . . 


Mean value of C. 
. . 3ii8 

. . 3-40 

, . 3-32 

, . 3-23 

. 3*41 

. . 3*37 


Now, although most of the above moans do not differ very much 
from any of the actual values of C in each series, when tlie ratio 
becomes much greater than its ave rage value in the experimental 
cases, a serious error is introduced by taking C constant. This, in 
fact, amounts to tlie diminution of discharge owing to end-contrac- 
tion, repeated as many times as the length of the notch under 
consideration is a niuliiple of that of the exi)eiimental notch. It 
might be infern d that an extension of the experiments to higher 
I 

values ofy would result in higher values of C l>eing obtained ; and 

Blackwell’s experiments on a 10-ft. notch confirm this view. Ho, 
however, suggested for practical use the mean value 0 = 3*380 for 
a 3*ft. notch, and C = 3*570 for a 10-ft. notch. 

Francis tivoided tlie difficulty of introducing a variable coefficient 
by making the effect of end-contractnin a deduction from the full 
discharge, dependent only upon A, and specifying that the length 
of the notch shall bo always so great in proportion to the head, 
that the influence of end-contraciion shall not be sensible to a 
greater distance from either end than to the centre of the flow. 

His formula for values of h between 2 ft. and 0*5 ft. is 

Q = 3-33(/- M0-lA)/it, 


Where n = the number of end contractions. (In the present 
case two.) 

I 

And provided that the ratio - never becomes less than 3, 

His experiments did not extend to this lust-mentioned condition, 
and Turner questions the propriety of applying the formula to 

such a low value of In support of this view, the velocity-curve 

across an 8 ft. rectangular notch under a head of 0*5 ft. was tried. 
The velocities were measured with an accurately-rated electric 
current-meter, whose fan traversed the plane of the notch, clearing 
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the sill by about ^ in., and being just covered by the water. The 
velocities appear generally liighcr on the left than on the right, 
jattribiitahle to the assistance received by the fan, which was a 
left-hand one, from the side-flow near the left end of the notch, and 
the resistance to turning experienced near the right end, owing to 
the Velocity being greater in the lower than in the upper half of 
the depth. But none tlie less striking is the diminished velocity 
near each end of the notch, and it may certainly be taken as 
extending for a distance of 1*5 ft. into tho flow from each end. 
That is, tlie total hingth of notch sensibly afl'ccted by end con- 
traction under 0*5 ft. head is 3 ft., or six times the h(‘ad. 

The “ coetiicieiils of efflux” determined by IVmcelet and Lesbros 
show that tho rate of increase of the coefficient diminishes markedly 

as tho value of- passes from 5 to 8, And because in every similar 
h 

notch the conditions of flow are similarly affected, this value 

- = 6, as the least allowable, holds for all notches of like character, 
A 


no matter what value he assigned to A. With these restrictions, 
Francis’s formula must be accepted as the most reliable under 
ordinary practical conditions yet published. 

For long notches discharging under small heads, where the 


value of y is greater than 20, there is, excepting BlackwelFs 

experiments before referred to, no publishtid record of investigation 
upon th(i necessary scale to be of use in determining a true expres- 
sion for discharge. Comparing Blackweirs measurement of the 
discharge over a 10-ft. notch under a head of 0*16 ft. with that 


given by the old expression Q = C / Ai, where the adopted value 


of C is 3 • 34, the average of the six mean eoeflicients before noted, 
it appears that 


Q measured by Blackwell = 2‘91 cub. ft. per second; 
Q by formula 3*34 I = 2*34 „ „ 


That is, the discharge calculated by the formula falls short of the 
truth by more than 20 per cent, in this instance. And if tho notch 
were longer, the comparison would be still more unfavuiurable to 
the formula. 

To meet this difficulty, Turner suggests an expression derived 
from the following investigation: — Taking the results of Francis’s 
experiments upon a 10-ft. notch, he reduces them to the discljarges 
of a 3-ft. notch under precisely similar conditions of head, and 
compares these latter quantities with those measured by Blackwell 
over a 3-ft. notch. 

Table 10 shows this comparison. 
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Table 10. 


Francis’s Experiments. 

Keduction to Discharge over 
3-ft. Notch. 

Rlackwell’s 

Measurement 

l.<?ngth of 
Notch. 

Heiui. 

Q. 

Length of 
Notch. 

Head. 

Q. 

of Discharge 
(3 ft. Notch.) 

ft. 

ft. 

cub. ft. 

ft. 

ft. 

cub. ft. 

cub. ft. 

per second. 

|)er secotjd. 

per secoud. 

10 

1-5 

60 *30 

3 

0*46 

2*92 

2-91 


1*0 

32-60 


0-30 

1-61 

1*64 

*> 

0-s 

23-40 

» 

0-24 

1*15 

1*18 

»» 

0-7 

19-20 

tf 

0-21 

0*95 

0*97 


0*6 

15*30 


0-18 

0*75 

0*78 


0-5 

11-70 


0*15 

0*58 

0 60 


Note. — 'I'he valuoH of Q in the last column are olitained from the discharge curve 
drawn through the points determined hy Blackweii's experiments. 


Tho reduction is eifected by multiplying Francis’s method 
by according to the method enunciated by Professor J. 


Thompson. The close coincidence of the two series of results in 
the sixth and seventh columns of the Table affords evidence of the 
accuracy of the gaugings. 

But applying the method previously noticed, and reasoning from 
the lower <iuantities discharged by a 3-ft. notcli to tljose which a 
10-ft. notch would discharge under similar conditions of head, the 
results obtained are as summarised in Table 11. 


Table 11. 


Discharge of a 3-ft. 
Notcii, obtained 
from EquMtion. 

Discharge of a 1 0-ft. 
Notch under 
similar Head. 

10-ft. Notch. 
Blackwell's 
Measurement 
under this 
Head. 

10-ft. Notch. 
Discharge 
by Formula, 

10-ft. Notch. 
Discharge 
by Formula, 
Poncelet. 

Head. 

Q. 

Head. 

Q. 

D’Aubuisson. 

fu 

cub. ft. 

ft. 

cub. ft. 

cub. ft. 

cub. ft. 

cub. ft. 

per second. 

per secoud. 

per second. 

per second. 

per second. 


0*083 

. . 

1*04 



, , 

0*16 

, , 

2*92 



0*083 

0*260 

0*277 

6*27 




0*100 

0-340 . 

0*3 

6*89 

6*’76 



0*126 

0-468 

0*417 

9*49 

9*36 



0*150 

0-607 

0*6 

12*29 

• • 

12**3l 

12**04 


Column 4 gives values of Q obtained as described. Column 5 
gives for compiirison the availably direct measurements on a 10-ft. 
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notch (Bhickweire). Columns 6 and 7 give values of Q under a 
head -of 0*5 ft. according to the ordimiry formula, using respec- 
tively D'Aubuisson’s and Poncelei’s values of C for this ratio of 
length to height, being the only other available determinations of 
tlie coefficients for so high a ratio. 

Prom the value of Q for any liead on tlie 10-ft. notch (up to 
h =z 0’ 5 ft.) (Jeduct the value of Q for the same head on the 3-ft. 
notch. One-seventh of this difference is the discharge per lineal ft. 
of the middhi portion of the 10-ft. notch not affected sensibly by end 
contraction. Thus Q per lineal ft. of notch unaffected by end con- 
tractiijn is 


^33-15 - 9-i:r 


) 1 o 

AT 


3 -43 r 


However the length of notch be increased for the low heads 
under consideration (i. e. A less than 0*5 ft.), and when I is not less 
than 3 ft. 

Q = (?-3)3-43A^ X 9-13/n, 
cub. ft. discharged per second, 


- 3-43(1 - 0-34) a’,'-. 


As evidence of the accuracy of the formula, Turner submits the 
results of three experiments on an 8-ft. notch in Table 12 : — 


Table 12. 


Head. 

Measured Discharge 
over an 8-ft. 
Overfall Notch. 

By Formula. 

1 o 

Q = 3*43 (1 - 0’3i) hr. 

1 

By Formula. 

Q= 3'34 Ih^. 

ft. 

cub. ft, per second. 

cub. ft. per second. 

cub. ft. per second. 

0*563 

11*33 

11*56 

. 11*29 

0 5 

9*87 

9-88 

9*43 

0*364 

6*09 

6*96 

6*64 


Column 4 shows the deficiency caused by the use of the mean 

coefficient in this case of high values of j » 

In lower values of A, error in defect, through the use of a mean 

coefficient, increasing with the value of - , is noticeable, and 

A 


cannot be far short of 20 per cent, when A = 0 * 2 ft. 

The quantities discharged were computed from velocity observa- 
tions made in a straight and uniform brick channel that carries 
the water from the Lower Kivington reservoir to the still pond 
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above the notch. An accurately-rated electric current-meter was 
used, and each experimcint comprised a scTies of twenty velocity 
measurements in a cross section of about 13 sq. ft. I'he readings 
of the meter were taken twice at each point, and before commencing 
a series it was ascertained tliat the condition of the channel and 
pond was permanent. Gauging with the V notch is not attended 
with the difficultuis in computation attached to the rectangular 
form, and an accurate expression for the discharge is a matter of 
ordinary hydraulics. 

As an example of the most modem method of accurate river- 
gauging, Turner describes the operation of gauging the flow of the 
Kiver Severn, in connection with the liiverpool Water Act, for 
obtaining a new supply fr<«m the Kiver Vyrnwy. The site selected 
was at a point about 1 mile above the Diglis Weir at Worcester, 
t>n a straight reach J mile in length. The river is here 180 ft. 
wide, and when bank-full is about 25 ft. deep in the middle. The 
section having been accurately levelled, two staffs were fixed on 
opposite sides of the river with their zero points at the level of the 
lowest dry-weatlior flow, and the discharg(‘s corr» spending with 
different readings of these stuff-gauges w(^re computed from velocity 
measurements made at each foot of depth below the water surface, 
past verticals 10 or 20 ft. apart in the cross section. These mea- 
surements were made with two of Deacon’s electric current-meters 
previously rated. Fig. 2 is a sketch of the apparatus specially 

Fig. 2. 



constructed for directing the meters to any position in the river 
section. It consists of two upright poles, 50 ft. in height, placed 
240 ft. apart on opposite sides of tlie river. Between th( se poles is 
stretched tightly a No. 12 steel wire, upon which traverses a small 
carriage mounted on two 3-in. pulleys ; the carriage is moved for- 
wards or backwards by an endless wire passing round pulleys at 
the head of each pole, and wound upon rollers at the foot of the 
pole on the east bank. From this carriage is suspended, firmly 
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attached to it by means of jaws, a T-sliaped frame of J-in. iron 
piping pointing up and down stream, and carrying, at each extremity 
of the T-pioc<i, pulleys, over wliieli pass two other wires attached 
to a lower bar of the same length as the T-piece. These wires 
are led over a pulley in the carriage to a roller similar to those 
previously mentioned. The diameters of the rollers are suitably 
arranged for paying out standard lengths of wire for a given number 
of turns. The lower bar carries on its np-strenm end a socket into 
which is fixed a sliort upright rod, and u^ion this the current-meters 
are securely clamped, and by means of the above gear they can be 
brought into any position in the cross section. A fourth wire 
passes over a pulhjy in the carriage, down the inside of the sttm 
of the T, and through the lower bar, and is attached to a cast-iron 
anchor-plate weighing 70 lb., which rests on the bed of the river. 
It is armed on the under side with six 8-in. spikes, and its use is 
to keep the T-frarne and lower bar vertically in position during 
an observation. By means of the last-mentioned wire it is raised 
when the meters have to be moved on to a fresh vertical. The 
insulated wires are carried from the meters over the head of the 
T-frame to a shed where the rollers and electrical apparatus are 
placed, and in which the operators staml. The method of com- 
puting the discharge of the river corresponding with any stafi- 
reading is as follows : — TJio observed velocities past each vertical 
are plott(.*d to a large scale on a diagram, so «s to form velocity- 
curves at each point wliosti areas represent the discharges past the 
respective verticals. The integration of a complete seiics of such 
discliarges gives the total corresponding rate of discharge. Fig. .8 
shows a diagram of one complete series of observations. Both staff- 

Fig. 3. 



gauges are read regularly throughout each operation, and the 
mean water-level is carefully determined. The results of observa- 
tions are plotted to a curve. From this curve is constructed a 
discharge scale, giving the rate, in million gallons per day, cor- 
responding with the staff-gauge reading used for computing the 
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daily flow of the river from the diaf!;ram8 of an automatic gauge. 
Tbeaci are drawn by a pen whorio zero coincides with that of the 
staff-gauges l>efore mentioned. (H. T. ^J'urner.) 

{d) Cullen gives the following rules for ascertaining tlie velocity 
of water in rivers Select a portion of the watercourse where the 
direction of the running water is as straight as possible. Measure 
some convenient distance along the stream, say 100 ft. ; at the 
oxtiemities of this length, and at right angles across the stream, 
fix two straight cords; then get a few floats of hard w(X)d, or well- 
corked bottles (they should be so weighty that when placed in the 
water they would not project over it as to he materially affected by 
the wind). AfttT liavi?ig these preparations made, the floats are 
dropped lightly into the current at a little distance above the upper 
cord, then note the time by a stop-watcli that the float takes to pass 
over the distance between the two cords. This exprriment should 
be repeated several times with floats both in the middle and near 
the sides of the stream, the arithmetic mean is then taken for the 
surface velocity of each experiment. Having by these means found 
the several spaces run over in a given tim(^, the moan proportion of 
all those trials is taken for the surfa(;e v( loeity of the water. Fonr- 
fifths of the surface velocity is a good api)roxiTnation to take for 
the mean velocity of the stream, or the velocity it would have 
supposing all the particles of the stream to have moved in every 
part of its channel with one uniform motion. If this velocity be 
multiplied by the breadth and depth of the mass of flowing water, 
the product will Ixi the number of cub. ft. which passed from one 
cord to the other during the time of observation. This may be 
adapted to any other proportion of time. Edi . — Eequired the 
quantity of water discharged in cub. ft. per minute, in a channel 
8 ft. broad, and water 2 ft. deiqj, supposing the measured distance 
betw'een two cords placed across tlu^ channel to Ixi 100 ft. ; and after 
making 5 different experiments on the time which floats took to 
pass from one cord to the other, it was found to be as follows : — 
At the tirst trial it took 11 ^ seconds; at the second, 12 ; at the 
third, 13 ; at the fourth, 10 ; and at the fifth, 13J. Then 11 J 

-f 12 + 13 -f 10 -f 13^ = 60; and — = 12 seconds for the mean 

0 

4 

time that the floats took to pass the 100 ft., - this distance = 80 ft. 

for the mean velocity of the stream in 12 seconds; 12:60: : 80 : 
400 ft, for the velocity of the stream per minute; 4.00 x 8 x 2 
= 6400 cub. ft., the required answer. 

To abridge calculation, Table 13 shows mean velocities corre- 
sponding to surface velocities from 120 to 800 ft. per minute at one 
glance. 



Motive Powbe, 


36 


Table 13. — Surface and Mean Velocities of Water in ft, per minute. 


Surface 

Velocity. 

Mean 

Velocity. 

Surface 

Velocit3^ 

Mean 

Velocity. 


Mean 

Velocity. 

120 

98*00 

212*5 

182*40 

.310 

273*1 

122*5 

100*25 

215 

184*75 

315 

277*8 

125 

102*50 

217*5 

187*05 

320 

282-6 

127*6 

104*75 

220 

18.9*35 

325 

287*2 

130 

107*00 

222*5 

191*65 

330 

291*9 

132*6 

109 **25 

225 

193*95 

335 

296*6 

135 ‘ 

111 *55 

227*5 

196*30 

340 

301*2 

137*5 

113*80 

230 

198*60 

345 

.365*9 

140 

116*05 

232*5 

200*90 

350 

.310*6 

142*6 

118*30 

235 

203*25 

355 

315*3 

145 

120*60 

237*6 

205-55 

360 

320*1 

1*17*5 

122*85 

240 

207*86 

365 

324*8 

150 

125*16 

242*5 

210*20 

370 

329*5 

152*5 

127*40 

245 

212*50 

375 

334*2 

155 

129*65 

247*5 

214*86 

380 1 

338*9 

167*5 

131*95 

250 

217*15 

.385 

343*6 

160 

1.34*20 

252*6 

219*50 

390 

S 48*3 

162*5 

136*50 

255 

221*80 

395 

.3.53*0 

165 

138*80 

257*5 

224*16 

400 

357*8 

167*5 

141*05 

260 

226*45 

405 

362*5 

170 

143 -.36 

262*6 

22.8*80 

410 

367*2 

172*5 

145*65 

26.5 

231*10 

415 

371*9 

175 

147*95 

267*5 

233*45 

420 

.376*7 

177*5 

150 **20 

270 

235*75 

425 

381*4 

ISO 

162*60 

272*5 

238*10 

4.30 

386*1 

182*5 

164*80 

275 

240*45 

435 

390*8 

185 

157*10 

277*5 

242*75 

440 

395*6 

187*6 

1.59*40 

280 

245*10 

445 

400*3 

190 

161*70 

282*5 

247*45 

450 

405*1 

192*5 

164*00 

285 

249*75 

500 

452*5 

195 

166*30 

287*5 

252*10 

550 

500*0 

197*5 

168*60 

290 

254*45 

600 

647*7 

*200 

170*90 

292*6 

256*75 

1 650 

695*5 

202 *6 

17.3*20 

295 

259*10 

700 

643*3 

206 

175*50 

297*5 

261*45 

750 

691-2 

207*5 

177*80 

300 

263*75 

800 

739*2 

210 

180*10 

305 

268*40 




(c?) More Correct Method. — Look for some convenient portion of 
the watercourse, where the water is running slowly. In a perpen- 
dicular position and at right angles across it, fix an overfall of 
boards, as is shown in Figs. 4, 5, in such a manner that the water 
shall accumulate behind it so high that it will flow over the 
horizontal edge of the rectangular opening K P, and afterwards 
have ample room for its free escape. The edges of the boards 
forming the opening should be sharp and smooth, and all leaks 
round the bottom and sides carefully closed with clay, in order 
that the whole w-ater may pass through the opening c f. The 
cross section of the water should be at least 8 times the length of 
notch e /, and the depth of the water under 0 D should be 4 times 

D 2 
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the depth of B I>. At a distance below the overfall a rod O is 
fixei] vertically, having a mark D at the exact level of the edge of 
the notch C D. When the waiter has risen to its greatest height, 
and its surface observed to he horizontal, the deplh from the surface 
of the water A B to the mark on the rod D is noted in inches in 
column 1 of U able 14. Then on the same line with that number in 




I- Overfall for MeaBuriDg Stream. 

column 3 of Table 14 is a number which, if multiplied by e f the 
width of the notch in inches, will give the quantity of water in 
cub. ft. per minute, providing the width of the notch is less than 
7 times the depth 13 D, but when the width ef is more than 7 times 
the depth that D is below B, column 2 is taken ; when ef is equal 
to B D the quantity of water discharged through the notch will ^ 
as much less as the quantity contained in column 3 of Table 14 is 
to that contained in 2. 

Ex, 1. — When e f and B D are each 24 in., column 3 in Table 14 
gives a discharge of 47 ‘515 cub. ft. of water in one minute, and 
column 2 gives 50 *405. Tiio difference of these two numbers is 
2*95. Tliifl difference subtracted from 47*515, the remainder will 
bo 44*55 cub. ft. of water discharged per minute by every inch in 
width of tlie notch when B D and e f are of the dimensions now 
given. 
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Table 14. — Quantity of Water discharged over or NotcJies in 

cub, ft. per minute by every inch of their length. Column 2 is 
calculated from Smeaton’s experiments; column 3 according 
to Du Btjat’s. 


1. 

Depth 

fulling 

over. 

2. 

Discharge 
per minute 
over W eir. 

1 

3. 1 

IHsciiarge 1 
per minute i 
over Ntdch. j 

1. 

r>ex)th 

fulling 

over. 

2. 

Discharge 
per minute 
over Weir. 

3. 

Discharge 
per minute 
«)ver Notch, 

in. 

cub. ft. 

cub. ft. 

in. 

cub. ft. 

cub. ft. 

0*25 

•053 

*050 

10*75 

15*128 

14*244 

«*6 

*115 

•143 

11 

15 * 6 r )9 

14*743 

i )’75 

• 27 H 

*262 

11*25 

16*196 

15 249 

1 

•429 

•404 

11*5 

16*739 

15*760 

1-25 

*599 

•565 

11*75 

17-296 

16 277 

]5 

•788 

*742 

12 

17*926 

16*799 

1*75 

*993 

*936 

12*5 

18*969 

17*860 

2 

1*214 

1*143 

13 

20*119 

18*942 

2*25 

1*448 

1*364 

13*6 

21*299 

20*015 

2-5 

1*697 

1-.597 

14 

22*484 

21*169 

2*75 

1*957 

I 843 

14-5 

23*699 

22*313 

' 2 

2-230 

2-110 

; 15 

24*935 

23*477 

i 3*25 

2 515 

2 *.368 

i 15*5 

26*192 

24*661 

3*5 

2*810 

2*646 

1 16 

27-470 

25*864 

3*75 

3 117 

2*935 

, 16-5 

28*768 

27*085 

4 

3*434 

3*233 

: 17 

30*085 

28*326 

4*25 

3*761 

3 * 5 J 1 

, 17*5 

31*422 

29*585 

4-5 

4*097 

3 - 8.58 

' 18 

32*778 

30*862 

4-75 

4-443 

4*184 

' 18*5 

34*153 

32*166 

6 

4*799 

4*518 

i 19 

35*517 

33*469 

6*25 

6*163 

4*861 

1 19*5 

36*960 

34 ■ 799 

5*6 

5-536 

5*213 

! 20 

38*390 

36*146 

f .*75 

1 6 918 

5*572 ! 

! 20*5 

39*839 

37*609 

6 

6*308 

5*939 

i 

41*305 

38*890 

6*26 

6*706 

6-314 

21*5 

42*789 

40*287 

6-5 

7-113 

6*697 

! 22 

44*291 

41*701 

6*75 

7-527 

7-087 

1 22*5 

45 * 8(19 

43*131 

7 

7*949 

7*484 

: 23 

47*344 

1 44-576 

7*25 

8*379 

7 * 889 

23*5 

48*897 

1 46-038 

7*5 

8*816 

8 300 

24 

60*465 

47*515 

7 '75 

9*260 

8*719 

25 

53 652 

50*517 

6 

9-712 

9*114 1 

1 26 

56-903 

53*576 

8*25 

10*171 

9*576 

i 27 

60*218 

56*697 

8*6 

10*636 

10*015 

1 28 

63*594 

59-875 

8'75 

11*101 

10*460 

[ 29 

67*050 

63*111 

d 

11*589 

10 911 

30 

70-528 

66*404 

9*25 

12*075 

11-369 

31 

74-083 

69-752 

9*5 

12*668 

11*833 

32 

77 * 6*18 

73*154 

«'75 ! 

13*067 

12 -.303 

33 

81*367 

76*602 

10 

13-673 

12-779 

34 

85*091 

80*118 

10*25 

14*085 

13*262 

35 

88*875 

83*678 

10*6 

14*604 

13*750 

36 

92*711 

87*290 


When using Table 14 the breadth of notch must not exceed 6 times the depth of 
the water running over it. 

Table 15 Is used for common weirs with straight approach, but when the approach 
is rough, a medium between these quantities is taken. 
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Velocity of 
Wat^r when 
the Head of 
Prt ssnre is 
ninre than 

6 times the 
Dei th of 
Sluice 
Opening. 

or. 

atiQoasojocjsjioso ='Ooo*-ir-t^.>^c»c»N 

Velocity of 
AVat'-T when 
the Head of 
Pressure is 
less than 

6 times the 
Depth of 
the Sluice 
Opening. 

OSO>0>OSOCI>000©Oi-4t-ir-<.-Hi-tMC^Wrt 

Head of 
Water from 
the Surface 
to Centre 
ol Sluice 
Opening. 

£5 Hu Hr* 

.t;Owt-<00H>«0 1:--c3> .i.O(M'*<<COaOOOPO«00>0 

Velocity of 
AVater when 
tiie H* ad of 
Pressure is 
more than 

6 times the 
Depth of 
Sluice 
Opening. 

oao«Dai.-»'H'*-»<po^MocOMooi-f<nCi-t»r5iCr-t 

CO— (rHr-..-ioa^or'*~*'H'«-i'-eatitiH<coQOO>0(3it3J. 
i«COI- »Oi.OOfHC^HicOl!-0>3CS»'»*icO*Oe‘»-HH 

»i3«3m»niIc5ej3eo«03iitD<ocowjt-j?-^*-aoooao 

A^elocity of 
AVater when 
the Head of 
Pressure is 
less than 

6 tim* s the 
Depth of 
the Sluice 
Opening. 

t^ot;a.C;rtiMCO'i<»fti-C50C-1'*r»ac300N'!»<3cri 

u5i«io<oi35©cb«Di>coi-t>.A^^cx>ooot)XiiX) 

Head of 
; Vt'ater from 
; the Surface 

1 to Centre 
of Sluice 
Opening. 

■cHhHh-4:*-4c» 

^ .Sc^MCOCO'*f'!r»rt»n'.D*^«CT>Op-^Or-tMH'eO*'0» 

Velocity of 
Water when 
the Head of 
Prtssure is 
more than 

6 times the 
Depth of 
Sluice j 

Opening. j 

l'H'00Oe0if5*»0C-O— (C^WC^CO 
oao— <sO'«*'«OGoai0^r<5'<tir;«et'-osOrHe<eO'iir 

Velocity of 
AVater when 
the Head of 
Pressure is 
less than 

6 times the 
Depth of 
the Sluice 
Opening. 

OJQO^ioc^ooco x>ntooniaaoc>c<ien'^»a(Ot^ 

0^<NH<«01^0>OW3iC9 3t--CC©i-tCMCO'i»<»OCp 
W«CO«COCOC'i*4*'^*«i»t'i*''T»<Ht4tiWUaii5u3»rSiOii3 

Head of 
AVater from 
the Surface 
to Centre of 
of Sluice 
Opening. 

.S'^*44'4*kak0C0C0t^lr'WQ033OO<-H||HOOi->fr4 

4»*OOOOOOOOOOOCOOQOOrHi~»»Hi-4 
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Water — continued . 

Ex» 2. — Required tlie quantity of water in cub. ft. per minute 
discharged through a notcli 60 in. long and 9 in. deep from B to D. 
In that caj^e, as the distance from B to O is Jess than 7 times tJie 
distance from e to /, we take column 8 to lind the quantity. Then 
opposite, in column 1, tlie corresponding number is 10*91, and this 
multiplied by 60, the b ugth, gives 651*6 cub. ft. per minute. 

Ex. i). — l^t B D the du])th be 12 in., and cf the length 100 in., 
to find the number of cub. ft. that would pass througli tliis opening 
})er minute?. In this case column 2 is taken. Opposite 12 in. 
deep is 17*92t?, whicli multiplied hy the length, lOO in., will give 
1700*926 cub. ft. per minute. Column 2 is in accordance with 
8m(?aton’s experiments, which were made on water running in 
parallel channels, and flowing over the edge of a plank placed 
liorizontally and at right angles across the entire breadth of a weir 
or stream, otiering no lateral ohstruction to the water flowing over 
it. But column 8 was calculated for a waste board, having a notch 
cut in it narrower than the- channel in which it was placed, in con- 
sequ« nee of which the water, in mcctiTig the ends of tlie notch, 
and afterwards turning into the o]>oning, contracts its passage, and 
causes a less disclmrge in a given time: the breadth of the notch 
and depth of the water being the same in l)oth cas( s. 

If tlie quantity of water that, passes tlirough a sluice opening be 
required, see tlio velocity of the water in Table 15 corresponding to 
the given head of water, which, if multiplied by the area of tlie 
sluice opening, will be the number of cub. ft. pasting per second. 


Water : Flumes and Ditches, 

Wei Perimeter , — If a flume or ditch is 20 in. wide, 6 in deep, and 
full of water, its wet perimeter is 20 + 6 + 6 = 82 in. If of the 
same dimensions, but only containing 8 in. of water, the wet peri- 
meter is 20 + 3 d- 3 = 26 in. The same flume again, if empty, 
has no wet perimeter at all. In other words, the W(‘t perimeter 
of a water-channel is the length of so much of its base and sides 
as is wetted by the water. 

To fnd the Area of a Section of a Flume with Strahjht Sides . — 
Multiply the width of bottom (in inches) by the height of sides (in 
inches) , the product will be the area iu sq. in., which, divided by 
144, gives the area in sq. ft. Ex. — What is the area of a section 
of a flume 20 in. wide and 15 in. high ? Ans. — 20 multiplied by 
15 = 800, which divided by 144 = 2*08 sq. ft. 

do find the Area of the Section of a Ditch with Sloping Sides. — Add 
together the width at top and bottom (in inches), multiply this sum 
by the depth (in inches), and divide the result by 2, The quotient, 
divided by 144, will be the area in sq. ft. Ex. — What is the area 
of the cross-section of a ditch 60 in. wide at the top, 86 in. at the 
bottom, and 12 in. deep ? Ans, — 60 -f 36 = 96, which multipKed 
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Water — continued. 

by 12 = 1152, and this divided by 2 = 576 sq. in., which divided by 
144 = 4 sq. ft. 

To find the Area of the Crofts- section of a Ditch whose Sides slope to a 
Point at the Bottom . — Multiply the width (in inches) by lialf the 
depth (in inches), and divhle the product by 144. The result is the 
j^roa in sq. in. Ex . — What is tlie area of a pointed ditch 60 in. 
wide and 18 in. deep in the centre? Ans. — 60 multiplied by 9 (half 
the depth) = 510 sq. in., wJiich divided by 144 = 3-75 sq. ft. (Von 
AVagenen.) 


Water : To determine the Cipacitf^ of Ditches, Canals, or Flames. 

(Hendy.) 

In cases where the sectional areas are equal, but of different 
forms : 

TTie simplest form of coiislruction of a ditch or canal is that in 
which the width of the bottom is made equal to one of the sides, 
and in which the base to the perpe ndicular of tlie side slope is as 
3 : 4; ai\d this form has been adopted as the standard where the 
topography of the ground will admit. 

The relative carrying capacity for trapezoidal form, base : depth 
of slope : : 3:4; bottom width : depth : : 5:4. Cootticioucy of 
ciipacity = 1000. 

Trapezoidal form, base : depth of slope : : 1:1; bottom width = 
depth, *994. 

I^ume, 2:1, *961; semi-hexagonal, 1*008; square, 925; semi- 
circular, 1*056. 

The fall being 8 ft. to the mile, and the sectional area of a square 
flume being 11*52 sq. ft., what will be its carrying capacity per 
second ? 

In Table 16, in column headed “full j)er mile,’’ find the 
given fall 8 ft., and opposite in column headed (6' *6-3 -2' 4) or 
a seetiotml area of 11-5*2 sq. ft. will bo found 25 *60 cub. ft., which, 
multiplied by tlio coeflicient for a square given above, gives 
25-60 X *925 = 23*68 cub. ft., or X *50 = 1184 miners’ inches. 

The tables given to determine the flow of water through ditches, 
canals, or lluijies luivo been c.ompnted upon the assumption that 
they are generally smooth and straight. 


Water : To determine Proportions of Channels. (Thire.) 

Where artificial channels or flumes have to be constructed for 
conveying water for power purposes, there is often considerable 
uncertainty in determining the relative proportions and dimensions 
of the ai’ea and inclination of the channel, and the quantity and 
velocity of the water. 



Table 16. — Water: Flow in Open Channels— -Base to Perpendicular of the Side Slopes being 3 : 4. (Hendy.)"" 
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T 8*8 ft. 

B 4*0 ft. 

D 3-2 ft. 

Section 

20*48 sq. ft. 

.tO'^<«)i-io(Nor;onto»rtaoiftMOi^e<>!-iMo>ooeiioiocO'>n 

itiiMWOiI5C5«>»ONt~0«-i{OOX^'<(»'OlOOsiMit5UCOi-<C^W 

■SMM?OTr'^’<i<iOiO<0<OCDX»X-X'*<X-X'XaOOOO>CSCJSOiOiO 

« 

§ c* 
•»- X JX w 

X- M ^ » 

Hma *2 

‘^'r»C005r-<Oi;OOCOtOO:£>lf3Wf-<X»I5m»r>Wi'..-<iOO>M 

.occsicicooMio'/- cci'i<®Qooc<ir'«n*>.oror-<£0'^»c*^ 
E:'--<'-iS'is^coootCM'^rt''^'»d<'<*<«5moioifsi«co«D«o®<o;o 
(j 

T 6*6 ft. 

B 3 0 ft. 

D 2 ■ 4 ft. 

Section 
11*52 sq. ft. 

‘*-Oarj'.Oia<N^<35<»i-i«0OC*5«JXOMMCO'fl<'^<Tt<'^-r«C^ 
.ilOJMirt jrOCX«lOt^OOOrHC'imif>COX-CJDOtOi-HNM'^»A 

o 

T 5*5 ft. 

B 2*5 ft. 

I) 2*0 fu 

Section 

8*0 .sq. ft. 

‘"iraX«OrH'<IiaDi'-t'.X'-CO’^COOX»fSC^C5’.OCXO>ir5r-ll'"{MOi 

.p ko X'- oi cx M «o 50 t-' » a> o © rn Cl Ti w lo o 'r> I'* 1 ^ 

0 rH.-lf-(*Hi-<-.Hi-.lr-l.-<ClCldlNMClNC^C^llMClClCil 

P 

T 4*4 ft. 

B 2*0 ft. 

D 1*6 ft. 

Section 
5*12 sq. ft. 

CO X X'» • 1 ' r-« x-- Cl © O X Cl © © M © © <N »rt X' r- rH © 

.QC<l«-«!f'iO«>«bx-i'*W00 05©©0©0^^r^^WN«Mrt 

O 

T 3*3 ft. 

B 1*5 ft. 

I) 1*2 ft. 

Section 

2*88 sq. ft. 

^eOXOlftX--lO(Mit5X©©OX©-t-Ht-coxMXN©OCO 

**-Mxco©©ci-^’X^cii-<Tj<©i'.a>--iM-f©x>-©ocic^irs© 

.£-Hf>iNiM<Neo««eO'^'^'^'^'i'»ovO‘«ii5©»oco©co©© 

P 

u 

T 2*2 ft. 

B 1*0 ft. 
D0*8 ft. 

Section 

1*28 sq. ft. 

‘*--^COJ'-X©Or-<CleO-t'>i<>0©©.l-X-»X©ajOOi-<r-lM 

.POOOO>-<r-lt-)r-l.-(,Hi-lrHr-<r-lr><i-<iH>-lrHr-llM^lNC1CX 

U 

Fall 

per 

Rod. 

moiooiooiftotooiookoomoiookooiookooio 
.i^iociox'..-:cxOx-.in(NOJ-ioci©X'.*OMox-*oiNOr;- 
ce*5X'- — oxM©oeoi-f-«»ox(M©oeox-i-(krtXiM©oco 
•*-«OOr-<.-tr-«CXCXC*5C0«'^^'<J<»0>ftC0®©X^X'-X-XX0i01 

Fall 

per 

Mile. 

^•«-<c«cC'^»o«?X'Wosoi-teiei9M<»o©xr-x©©i-(Mco-i<io 
d »-1 r-t f-1 PH rH i-H rH i-( f-l r-( d « M M N N 


T signifies top width ; B, bottom mdth ; D, depth. 
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T 22 ft 

B 10 ft. 

D 8ft, 

Section 

128 sq. ft. 

rtrHOii-4W-»<CirH'rCO«0©lO^S-r-lrt':OnCrCTOCD>OC'I©© 
>“sO©iO(NX>CO©MaOM'X!N'H<l-'-»-^'^t-OM©3‘. C'lifSi'O 
®f>IMr»(if5«S©©-l''l-a»Q0a)O©»O»r-( — 

T 19-8 ft. 

B 9-0 ft. 

1> 7-2 ft. 

Section 
103*68 ^q. ft. 

.© OJ t- op M rt © lO rj CO Cl « CO O M ■*♦' © »- i'. J- <0 '.O 

r CD © CJ t- ci © O n © © 1-1 IC 'X O M tft lY) o Cl «+ © W © Cl 

« r -1 c^ M CO ’5’ *fl © »0 lO © © © l'“ X' X' O) 30 00 © © © 

. . . {ti 

C . 

w o *+ .2 ^ 

H sq P « 

<rj 

i^cOt-©i'>coar'0(N©'+jr-rHS-iOi--coco©>oio©cD«fi-© 

.D Xi lO © © © X! -£) ri ifj I- T) Oi ifS © o © — < Xj CO © CO 1- f-i 

3 ro © CO i- o ro © © —t S5 ic5 *- © — cc © i- X.' o -. © -t © © 
yrir-t pi Cl C0CO©C0't'«r'^'^»'-^©»O©iniC?© ©©©©©© 

T 16*4 ft. 

B r-oft. 

D 5*6 ft. 

Section 
62*72 sq. ft. 

^i0'i*tfH©i>C0C0©'^'O©.CIXi©©©«C0©'^©iift©©M 

.© © © i-- Cl kO CO UO Cl © If5 ©. -t- I- © n >(5 © © -. Cl Cl W N Cl 

C3 © CO © © «-- CO >C l-~ X' O — 1 CO © 1-- © © O PI M 'r1> lO © I- X' 
y i-lr^r-(CIClCICleiP)OC0P>P^C0©©^'^'!»l't'i<<'t'"tl'^ 

si 

« o ® .2 ^ 
W i g 

^■^i-'4<.-'©'#ooio©t-i.-<'r^©©i-iMcOi-i^»MkCi-t-© 

fOaDCii-ii-0{0'*^<»o»f5iO'tci'-i©©'^>-i»if9p-iar-f©©w 

3 © JO © rH 00 lC5 © I- © © © r-. CI CJ -f lO © © l- XJ ,Y 1 © 

o r-ir-<r-(r-(i-HrHrHrHrHCl(NCIClCIClCIClCIClNMC»CI 

lU ^ '-g g* 
H«Q 

‘Hlr-(i^Cl-H©30r.l00r-lrH©-.f-©J-»£;!M'^<Cl.ftt,©lXl-lOe0 

Cl Tti -kf Cl O 00 rH >-l Cl r CO X CO 00 Cl i- 1-1 © © CO 1 - rH »n 

gC0O©i,-'X©©©riiMClClC0C0'rt<'^»rjir;©©©iii-xx 

... d 

c ^ 

« »o «> *.51 J3 

« M 4? ^ 

HttP 

fi 

'♦-'0©©r-(t-Jt-.,-(Ol-H©©-<i-H©©-^©©CI-.*llC5lf5>«-tCl 
.iC x © ,x © d X -# © x CO r- 1-H x d © X Cl © iX s- b 

PMrt-tK5©©*-t-iX«©©OOOF.ir-(t-iClClClf0MM-'li 

Fall 

per 

Kod. 

»00i0 0»ft0«>0i0 0ia0«50»0 0l00»ft0irt0kf50l0 
.ili©C10-«>iC5CI®»-if5Cl©t-if5CIOf-©ClOSiiO(NO*-- 
o eo 1- n kO X Cl © O © J-- —1 © X d © O M i - r-l lO X Cl © O PO 
"^OOiir-tf-(CICICOWCO-i<'<t'-*T©««©©©*'l:»J-©X©© 

Fall 

per 

Mile. 

iHWrt'tiOCOt»OO^C.HNrt'^fcft€DJ^arjC>Os-WM'^iA 

pHs-4r^rHi-HrHr-4rHrHf-lC9C^MCHC^C^4 


T signifies top width ; B, bottom width ; D, depth. 
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d Xi-1 — «OOJM*«*-CRt?4c6CSM;OOJkOOifS31'Tj<OOr4 

T 28 ft. 

B 12 ft. 

D 4 ft. 

Section 

30 sq. ft. 

#Oi’Oi-l003incOCO.O'«t.-i*^r-l-^<i»r-(M(N;^<K>e002 

O PHr-(i-(r-lr-.i--(r-t*-(r-1WC^NC^MlMeOeOrt«rt 

T 22 ft. 

B 10 ft. 

1> 3 ft. 

Section 

48 sq. ft. 

,*i01053Dt0(Mt0v«C00>'>JC)©©C»OOOOOOOO 
**-' O 00 fO IjC 5 lO O ;c> t- TJ* rH (N CO Ifl a> rH 

S5 CO rt* u> »A CO -jp 1 .- 1 - 00 oo o. o o t-< (N rt Tji ifj CO I- r- o> 

T 16 It. 

B 6 ft. 

1) 2*5 ft. 

Section 

27 -5 sq. ft. 

<S o> CO CO 'O CO X' rf »f5 r; o> e» ?: c< J- Oi O' 1'- 

CO O CO »rj XI »-» CO CO 00 O -T 1- 1-1 A" t- M 1-- Cl CO o -c 00 
j;r-(C'ic<C'iNC‘«eocoeO'‘i#i'»'’^«5U9»oeoys*-j'.oo(X)oo 

T 12 ft. 

B 4 ft. 

D 2 ft. 

Section 

16 sq. ft. 

^•C2cO-«tip'<«'COH'COOO»-+eOr-<cCOSfift.O>lM-^05t-J- 

CScOOlrHMCOO^-CJ.'OC^-HOOrraOlN'/jCcliOCOO'^M 

.CX05r-<C^C0vCCOJ~00Cb>-tCSI'^>0 4-3i0l'-#cb0C'ON 

JJ r-Ci~«*~tr-*r.iCr-ti-irt(NeC|NMCS»(NCOeOCOCO^'i«* 

V 

T 9 ft. 

B 3 ft. 

D 1-5 ft. 

Section 

9 sq, ft. 

^«5’-+'CO'^TO»^0><T-COOClT-t-'-^<COr«tO-. COr-COCO-f 
'*-oOrft(3>'^Oc©r->cO'-icO'^r-<cxjir5i-iCOeOeOCOi-<Oi-- 

.cjeO-»f'«t(iOCOC04:-«'-cXiCOOsoOi-‘C^CO'H*K5COI^nDi» 

tf 

T 6 ft. 

B 2 ft. 

D 1ft. 

Section 

4 sq. ft. 

^^'•cocootooi^coooeooiooc'osoaococoj-cocoo 
'«-icfl'^cot^Ot-«co»ncooDr-i«o»fot--ocoi'» sicocoojoi 

u 

Fall 

per 

Hod. 

uo lO U> 

uo lO yr> ox *-irt vr> o 

i-ociiiov c'‘i«ooeo»^»nc^Oi'*»ooiftoiooioo 

'-HQooooooooo--<r-tr-irHrHO»Meoeoeo'«t<'^ 

Fall 

per 

Mile. 

S CO * 

$5 U5 CO OO c^ Id »fl to 

rtrHrirtNNC'icoW’ijt-otiocbjt-oediOi-cen 

i-t f*1 »-c 


T signifies top width ; B, l>oltom width ; D, depth. 
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Water — continued. 

LetH = total hei^^ht from source of supply to tail-race; 
h = etFertive lieij^ht of fall at end of channel ; 

I = length of the channel ; 

S = cross-section „ 

'/ = inclination „ 

Q = discharge „ 

t’ = mean velocity of the current. 


Then H = -f (1) 

and Q A = Q (H — I i) = effective motive force at disposal. 

Also Q = S V (2) 

and iz=z mr^ . . (3) 

where m is a coeflicient depending on the section of the channel 
and the nature of its walls or hanks. 


From (2) and (3) the available work will be found tobe:— 
S r (H — / w v^). 


'J^hen, V being the variable, the maximum 


or, from (3), 


// = 3 / m ; 


Now is the height lost by the gradient or inclination of the 
channel. Consequently : of all channels of a given lengtli and 
section, that which supplies the greatest moiive-power at its 
extremity is the one whose inclination is equal to one-third of the 
total fall, leaving two-tljirds of the heiglit available for motive 
purposes. 

licmarks. (1) The above applies to cases where part only of the 
water is taken off by the canal. IF tlie whole stream is diverted, 
the gradient should be limited to that strictly necessary, so as to 
utilise the greatest possible height of fall. 

(2) The gradient must of course be limited by the velocity which 
the banks of the canal can stand without damage, 

(3) In practice, the gradient would not be constant throughout. 
In parts where the construction is difficult and expensive, a greater 
fall and smaller cross-section would be adopted, and vice versa; but 
the above rule, without being mathematically correct, will furnish 
a useful guide for the mean average gradient. 
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Water : Experiments to test the relative carry powers of one 20- in, 
and two 10-m. Flames. (Vinton.) 

First Experiment— Flume Level. 


Area of discharge 0 ' 139 sq. ft. 

Velocity 1*985 ft. 

Mean depth 0-13 „ 

Actual discharge . . . . 0*27(1 cub. ft. 

H 

Theoretical discharge by formula Q 5 * 6 a 0 • 209 „ 


Second Experiment— Flume IjCVcI. 


Area of discharge 0 * 347 sq. ft. 

Velocity 2 *02 ft. 

Mean depth 0*23 „ 

Actual discharge 0*702 cub. ft. 

Theoretical discharge 0*710 „ 


First Experiment on Graded Flumes; grade J in. to box of 
12 ft. = 0*0017. 


Area of discharge 

Velocity 

Perimeter 

Grade 

Actual discharge 

P 1 

Theoretical grade by formula sin. = ^ 

Area of discharge 

Velocity 

Perimeter 

Grade 

Actual discharge 

Theoretical grade 


0 295 sq. ft. 
2*22 ft. 

2*02 „ 
0*0017 ft. 

0 *057 cub. ft. 

0 *0033 ft. 

0 *147 sq. ft. 
1*90 ft. 

1-18 „ 
0*0017 ft. 
0*279 cub. ft, 
0*0028 


Double flume carries 0*177 more than twice the single 
on this grade. 


Second Experiment on Grade; grade J in. to 12 ft. = 0*0035. 

Area of discharge 0 * 295 sq. ft. 

Velocity 2*271 ft. 

Perimeter 2*02 „ 

Grade 0*0035 ft. 

Actual discharge 0*671 cub. ft 

Theoretical grade 0 * 0035 
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Water — con ii nued 
Atea of diflobarge 
Vcdocity.. 
Perimeter 
Grade . . 

Actual diwoliarge 
TbeoK^tical grade 


0‘H7 sq. ft. 
2-00 ft. 
1-18 „ 

O’ 0085 ft. 

0 -287 cub. ft 
0-0032 


Discharge of double flume ia 0*108 more than two singles 
on this grade. 


Third Experiment on Grade; grade J in. to 12 ft. = 0*0052. 


Area of discharge 

Velocity.. 

Perimeter 

Grade 

Actual discharge 
Theoretical grade 


0-29.5 sq.ft. 
2-8 ft. 

2-02 

0-0052 ft. 
0-827 cub. ft. 
0-0053 „ 


Area of discharge 
Velocity.. 
Perimeter 
Grade . . 

Actual discharge 
Theoretical grade 


0*147 sq.ft. 
2*21 ft. 
1*18 „ 
0*0052 „ 
0*325 cub. ft 
0*0035 ,, 


Discharge of double llnrac is 0*272 more than two singles 
on this grade. 


The least wet perimeter ih^d will hold or corry a given volume is 
attained when the width of hottorn is IJ to 2J iimas the depth of the 
sides, — For example, a chiniiad having a cr<>ss-8(;ction of 510 sq. in. 
will develop the least amount of friction when its dimensions are 
15 by 34, or 17 by 30, or somewhere between these measurements. 
A Ivuowledge of this fact will be found serviceable in constructing 
flumes. The least perimeter, of course, requires the least lumber, 
and many thousand or million feet may bo saved in a long flume by 
building in the correct proportion. 

■ Wl>en the liead of the flume is al)ove limber line, or in high 
altitudes where ice forms early in the fall, it is an advantage in 
many respects to have it so narrow in width that an ice-crust can 
easily form itself from bank to bank. If this is secured, v/ater will 
often flow 4-6 weeks longer than otherwise. The reasons are 
obvious. 

The ordinary figures representing loss through evaporation to 
in. of surface per day) are much too small for ditches above an 
altitude of 6000 ft. Evaporation also proceeds much more rai^idly 
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Water — continued. 

in shallow water than in deep, and when the velocity is high. 
Experiments made on a 12-mile wooden flume on the Swan River, 
Colorado, indicated a loss of 10-18 per cent, daily. This flume is, 
however, an oxireme case, b( ing about 10,000 ft. above sea-level. 
Probably 1 in. of surfsce would bean average less. 

Leakage occurs most extensively in gravelly soils; 1-5 in. of 
surface ])er day ar(i extreme losses, with an average, perhaps, of 
about 2 in., which it will be always safe to count on, except in old 
ditches. A high velocity decreases loss through the soil. 

Water channels of uniform section should always have a uniform 
grade, otherwise there will be an accumulation at some points and a 
thinning-out at others, with deposits of sand and silt, and increased 
danger of breakage. It is also highly advantageous in earth 
ditches to have a complete system of waste-weirs to carry off 
surplus waters occasioned by floc)ds, and to lessen the damage of 
breaks. These should be imt in just below wlierever a now stream 
falls into the ditch, and just above those places where, by reason 
of a shelly t)r crumbly soil, the ditch is W(uik. 

At high altitudes in the spriug, difliculty is often encountered in 
starting the watcjr through heavy accumulations of snow in the 
ditch, Which if long, can be flushed out only with great trouble. 
This operation will be materially hastened if the ditch is cleaned 
out in s(^ctions of a mile or two each. Gut a hole in the bank a 
mile from the liead, and when the water has soaked that far it will 
carry off the unmelted snow through this break with great rapidity. 
As soon as clear, that hole is mended and another is made a mile 
farther on. (Von Wageneii.) 

Coat of JOi telling . — When the plough and scraper can be used, 
ditching can be done at 20 c. (lOd.) per cub. yd. If the soil is so 
rocky as to call for the pick and shovel, it will cost 30-40 c. ( 1.5-20d.) 
A safe figure to be taken for the coustruciion of a ditch 3 ft. wide 
at bottom, ft. wide at top, and 18 in. deoj) is 15«. 3d. per rod. It 
can be done for less. The larger the ditch the less cosily it will be 
in proportion. These figures are based on Californian rates of wages. 
(Von Wagonen.) 


Cost of Ditching. (Kirkpatrick.) 
Labour calculated at 6d. per hour. 


llock : — 

s. d. 

Excavating 2 0 

Whetding 0 9 

Dressing 0 9 

Superintendence 0 C 


4 0 per cub. yd. 
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Water — continued . 

Gravel arui Clay ; — 

s, d. 


Excavating: and wheeling 1 0 

Levelling ditch 0 6 

Making up removed material 0 6 

Superintendence 0 6 


2 6 per cub. yd. 

Total cost, at 4 cub. yd. excavation, per yd. run : — 


s, d. 

Rock, IJ cub. yd., @ 4s .. 6 0 

Gravel, 2^ cub. yd. @ 2s. Qd 6 3 


12 3 per yd. run, 

or 1078/. per mile. 

To f iul u'hat grade per foot must be given to a flume or ditch of 
uniform section to (mublo it to discharge a givtaji quantity of water 
in a given time. Divide the number of cub. ft. of discharge re- 
quired by the area in sq ft. of the section of the flume. This 
result is the necessary velocity in ft. per second. Multiply this 
result by itself. Multiply this product by the wet perimeter in ft., 
and multiply this product by 0001114. Divide this product by 
the area of the section of flume in sq. ft. Call the result A. 
Multiply the velocity in ft. per second by the wet porimt ter in ft., 
and multiply this product by *00002426. Divide this product by 
the area of the section of the flume in sq. ft. Call Ihe quotient B. 
Add together A and B, The result is the grade per ft. in decimals of 
a ft. which must be given to the flume to make it carry the required 
water. Ex , — What grade per ft. of length must be given to a 20-in. 
flume whose sides ure H in. high, in order that it may dtdiver 
28 cub. ft. of water per second steadily? Ans . — Wet perimeter, 
42 in. = 3*5 ft. Area of section, 240 sq. in. = 1*66 sq. ft. Dis- 
charge = 28 cub. ft. Then, divi<ling the discharge (28) by the 
area of section (1*66), we have 16*86 as the velocity in ft. per 
second. The velocity (16*86) multiplied by itself equals 284*25; 
multiplying this by wet perimett-r (3*5) produces 994*87; multi- 
plying again by *0001114 produces *1108; dividing this by area of 
section (1 * 66) gives * 0667. Call this A. Multiplying the velocity 
(16*86) by wet perimeter (3*5), and the product by *00002426, 
produces *0014315, which divided by the area of the section of the 
flume (1*66) = *00086. Call this B. Adding A (*0667) to B 
( • 00086), we have as a final result * 06756, which is the grade per 
ft. in decimals of a ft. If we multiply this result (*06756) by 
1000, we have the grade per 1000 ft., which will be 67*5 ft. To 
reduce this result to the ordinary terms — viz. in, per box of 12 ft, 
— divide first 1000 by 12, which produces 83*33 (which of course 
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Water — continued. 

represents the number of 12-ft. boxes in a 1000-ft. flume). Then, 
the grade being 67 ‘5 ft. in 83 ’33 boxes, for each box, it would be 
the result of dividing 67*5 by 83*33, which is *79, or the grade 
would be *79 ft. per b^ox of 12 ft. Finally, tin re being 12 in. in a 
ft., we multiply *79 by 12 and obtain 9*48 in. per box, or nearly 
9J in. (Von Wagenen.) 

To find the average velocity and discharge secured in a flume or 
ditch of uniform cross-section and grade. Multiply area of cross- 
section in sq. ft. by the grade in ft. per ft., and the product by 
9000. Divide this result by the wet peiimeter in ft. Extract the 
square root of the quotient. From the result subtract * 1089. The 
result equals the mean velocity of the water in ft. per second. 
Multiply the area of cross-section by the mean velocity. The result 
equals the discharge in cub. ft. pcT second. Ex. — What is the 
discharge attained in a 30-in. flume with 12-in. sides, having a 
uniform grade of (*01 ft. for every ft. of length)? Ans . — 
Multiplying the area of cross-section (2*5 sq. ft.) by the grade (* 01) 
produces *025; multiplying this by 9000 yields 225; dividing this 
by tlie wet perimeter (4*5) gives 50. whose square root is 7*0711 ; 
subtracting from this the decimal * 1089, we have 6 * 96*22, which is 
the mean velocity in ft. per second. This is accurate only for a 
flume. In a ditch, where friction is greater, it will be necessary 
to subtract about 10 per cent, (or *6962) from the result found, 
leaving 6*266 as the corrrect figure. Then multiply the moan 
velocity (6 * 9622) by the area of cross-section (2*5); we have 17 * 40, 
which is the discharge in cub. ft. per second. (Von Wagenen.) 

To find the section of a ditch or flume of uniform grade which will 
discharge a given quantity of water in a given time. There is no 
simple rule that will solve this problem, and an answer must be 
sought experimenhilly upon the following plan : — Assume a con- 
venient section, and, the grade being known, calculate its discharge. 
If tliis discharge is greater or less than the required one, try again 
with a smaller or larger section until the correct one is found. 
(Von Wagenen.) 

Cost , — With lumber at 12 to 15 dole, per 1000, delivered at the 
head of the flume, so that it can be floated down, a flume 2J ft. 
wide ami 2J ft. high can be finished at a cost of 3*85 dols. (16s.) 
per box (of 12 ft in length) : and one 6 ft. wide and 3J ft. high at 
8J dols. (35s. 6d.) per box, at Californian rates. (Von Wagenen.) 

Water; Piping, 

To find the velocity attained in a cylindrical iron pipe, laid straight 
or with easy curves, its head, length, and diameter being known. 
Multiply the diameter in ft. by the bea<l in ft. Gall this product A. 
Add together the total length of pipe in ft., and 54 times its dia- 
meter in ft. Call this sum B. Divide A by B. Extract the 
square root of the quotient; multiply this root by 48. The pro- 
duct will be the velocity in ft. per second. Ex, — What velocity 
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will be attained in a pipe 12,600 ft. long, 6 in. (*5 ft) in diameter, 
and having a head of 200 ft.? Ans, — Multiply diameter (*5) by 
head (200) = 100. Call this product A. Add to the total length 
(12,600 ft.) 54 times ils diameter: *5 multiplied by 54 equals 
27 = 12,627. Call this sura B. Divide A (100) by B (12,627) 
= •0079. Extract the square root of this result, which = *0889. 
Multiply this root by 48 = 4*26, which is the velocity per second 
in ft. (Von Wagenen.) 

To find how miny cub. ft. of water per second will be discharged 
from a cylindrical iron pipe, straight or with easy curves, its hSwi, 
length, and diameter being known. Ascertain the velocity by 
preceding rule. Then multii)ly the velocity thus attained by the 
area in sq. ft. of a section of the pipe. The result will bo the dis- 
charge per second in cub. ft. (Von Wagenen.) 

To firid what head of water is necessary for a cylindrical iron pipe, 
straight or with easy curves, its diameter and length being known, 
to produce a given discliarge per second. Multiply the required 
discharge in cub. ft. by itself. Call this A. To the total length 
of pipe add 54 times its diameter. Call this B. Multiply A by B. 
Call the product C. Divide the diameter in ft. by *235. Multiply 
this product by itself continuously four times. Divide C by this 
product. The quotient will be the head in ft. Ex. — What head 
is necessary to produce a discharge of 12 cub. ft. per second at the 
end of a pipe 8 in. (*666 ft.) diameter and 350 ft. long, the pipe 
being straight or with easy curves? Aws. — Multiply the discharge 
(12) by itself = 144 ; call tliis A. To the total length (350) add 
54 times its diameter (36) = 386 ; call this B. Multiply A (144) 
by B (386) = 55,584 (C). Divide the diameter (*666) by *235 
= 2*834. Multiply this product (2*834) by itself continuously 
four times = 182 * 801. Divide C (55,584) by this product (182*801) 
= 304 ft. nearly, which is the required head. (Von Wagenen.) 

To find diameter of pipe necessary to carry a given quantity of 
water per second, its length and total head being known. Mul- 
tiply the head in ft. by 5280, and divide the product by the length 
in ft. Call this A. Multiply the discharge in cub. ft. per second 
by itself, and multiply this product by 5280. Call this B. Divide 
B by A. Extract the fifth root of the result. Multiply this by 
* 235. The product is the diameter in ft. Ex. — What must be the 
diameter of a pipe 6000 ft. long, with a head of 400 ft., which will 
discharge 6 cub. ft. of water per second? Ans. — Multiply the head 
(400) by 5280 = 2,112,000, and divide this product by the length 
(6000) ss 352 (A). Multiply the discharge (6) by itself = 36, and 
multiply this product by 5280 = 190,080 (B). Divide B (190,080) 
by A (352) = 540. Extract fifth root of this quotient (540) = 3*52. 
Multiply this root (3*52) by *235 = *8272, which is the required 
diameter in decimals of a ft (Von Wagenen.) 

To find loss of head by friction m pipes^ refer to Table 18, which is 
calculated for pipes 100 ft long. Column a shows velocity of flow 
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continued. 

in ft. per second ; 6, discharge in cub. ft. per minute ; c* cub. ft, loss 
by friction. The bold figures at top of column indicate inside 
diameter of pipes in inches. 


Table 18 . — Zoss of Head by Friction, 



3 

4 

6 


■KjjH 

8 

a 


C 

b 

c 

b 

c 

H 

D 


B 

b 

c 

1 

2-95 

*196 

6*22 

•147 

8*17 

•118 

n 



B 

20*88 


•074 

2 

6-89 

•659 

10-44 

•494 

16*34 

*395 

23*54 

•329 

32*05 

•282 

41*76 

i 

-247 

3 

8*83 

1*35 

16*67 

1*02 

24*51 

*815 

35*32 

*679 

48*08 

*581 

62*64 


•509 

4 

11*80 

2*28 

20*89 

1*71 

32*69 

1*37 

47 * 09 ' 

1*14 

64*11 

*977 

83*62 


•856 

5 

14-70 

3*43 

26*12 

2*67 

40*87 

2 05 

68*87 

1*71 

80*16 

1*47 

104*40 


1*28 

6 

17*70 

4*78 

31*34 

3*69 

49*05 

2-87 

70-64 

2*39 

96*18 

2*06 

126 <28 


1*79 

1 

20*60 

6*36 

36-67 

4*77 

67*22 

3 81 

82*41 

3*18 

112*21 

2*73 

146*16 


2*39 

8 

23*56 

8*14 

41*79 

6*11 

65*40 

4*89 

94*19 

4*07 

128*24 

3*49 

167*04 


3*06 

9 

26*61 

10*12 

47*02 

7*59 

73*67 

6 * U 7 

105*97 

5*06 

144*27 

4*34 

1 x 7*92 


3*79 

10 

29*45 12*32 

62*24 

9*24 

81*76 

7*39 

117*74 

6*16 

160 <30 

5*28 

208 * 8 o ; 


4*62 

11 

32*40 14*71 

67*47 11*03 

89*92 

8*82 

129*52 

7*36 

176*34 

6*31 

229*68 


6*62 

12 

35 * 3417*31 

62*70 12*98 

98*10 

10*38 

141*30 

8*66 

192*37 

7*41 

‘ 250*66 


6*49 

13 

38*33 20*10 

67*92 16*08 

106*27 

12*06 

163*07 

10-05 

208*40 

8*61 

271*44 


7*64 

14 

41*23 23*12 

73 * 16 ; i 7*34 

114*45 

13*87 

164*85 

11*66 

224*43 

9*91 

292*32 


8*67 

15 

44*20 26*32 

78 * 3819*74 

122*62 

15*79 

il 76 * 6 :i 

13*16 

240*46 

11*28 

313*20 


9*87 

16 

47 * 1229*72 

83*60 22*29 

1 . 30*80 

17*83 

llH 8 * 4014*86 

266*48 

12*74 

334*08 

11*16 

11 

60*05 33*33 

88*83 25*00 

138*97 

20 * 00 

i 200 * 18 '; 16*67 

272*61 

14*29 

354*96 

12*50 

18 

63*00 37*14 

94*05 27*86 

147*16 

22*29 

| 21 l * 96 il 8*57 

288*64 

16*92 

376*84 

18*93 

19 

55*95 41*12 

99*28 30*84 

155*32 

24*67 

1223 * 73:20 *66 

304*57 

17*62 

396*72 

16*42 

20 

58*89 45*32 

1 

104*60 33*99 

1 

163*50 

27*19 

| 235*51 22*66 

320*60 

19*42 

417*60 

17*00 








e 

10 

11 

12 

13 

14 

a 

b 

C 

1 

e 

b 

c 

D 

m 

b 


b 

e 

1 

26*47 

■065 

32*70 

*069 

39*56 

*054 

47*10 

! *049 

56*30 

•046 

64*08 

042 

2 

62*94 

*220 

65*40 

*198 

79*10 

*180 

94*20 

*164 

110*60 

•162 

128*16 

*141 

3 

79*41 

* 4.50 

98-15 

•4 07 

118*66 

•370 

141*30 

; *339 

165*90 

*313 

192*24 

•291 

4 

106*90 

*760 

1 . 30*86 

*686 

158*20 

*623 

188 * 40 j 

I *670 

221*20 

•627 

256*32 

*489 

5 

132*37 

1*14 

163*50 

1*03 

197*76 

•932 

236 * 40 ' 

*856 

276*60 

•789 

320*40 

*735 

6 

168*84 

1*69 

196*20 1 

1*43 

237*30 

1*30 

282 * 60 ! 

1*20 

331*80 

1-10 

384*48 

1*03 

1 1 

185*31 

2 12 

228 * 90 ' 

1*90 

276*85 

1*73 

329*601 

1*59 

387 * 10 , 

1*46 

448*57 

1*36 

8 

211*80 

2*71 

261*60 

2*46 

316*40 

2*23 

376 70 i 

2*04 

4 * 12*40 

1^88 

612*66 

1*75 

9 

238*29 

I 3*37 

294 * 29 i 

8*03 

366*95 

2*76 

423 * 80 . 

2*53 

497*70 

2*33 

676*76 

2*17 

10 

264*77 

4*11 

327*00 

3*70 

395-60 

3-36 

470-90 

3*08 

663*00 

2*86 

640*84 

12 *64 

11 

291*26 

4*90 

359*70 

4*41 

435*05 

4*01 

618*00 

3-68 

608*30 

3*39 

, 704*93 

[ 3*15 

12 

317*74 

6*77 

392*39 

6*19 

474*62 

4*72 

665*10 

4 <32 

663*60 

3*99 

769*02 

3*71 

13 

344*22 

6*70 

425*09 

6*03 

614*17 

6*48 

612*20 

6*03 

718*90 

4*64 

833*10 

4*30 

14 

| 370*70 

7*71 

467*79 

6*93 

653*72 

6*30 

659*30 

6*78 

774*20 

6*33 

897*18 

4 * 96 " 

15 

397*18 

8*77 

490*49 

7*90 

693*27 

7*18 

706 *351 

6*68 

829*69 

6*08 

961*27 

6 - 6 t 

16 

423*65 

9*91 

623*18 

8*92 

632*82 

8*11 

763*46 

7-43 

884*76 

6*86 

1026*36 

6*37 

17 

460*13 

11*11 

566*88 

10*00 

672*37 

9*09 

800*50 

8*33 

940*00 

7*69 

1089*45 

7*15 

18 

476*61 

12*38 

688*68 

11 14 

711*92 10*13 

847 * 60 ; 

9*29 

995*30 

8*67 

1163*59 

7*96 

19 

503*08 

13*71 

621*28 

12*34 

761 * 6211*22 

894*70 10*28 

10 . 50*60 

9*49 

1217*63 

8*81 

20 

629*66 

15*11 

653*98 

13*60 

791*07 12*36 

1 

941*76 11*33 

1 

1105 * 90 jl () r *46 

1281*72 

9*71 


B 2 
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a 

15 

16 

17 

18 

19 

20 

6 

c 

h 

c 

b 

c 

h 

c 

h 

C 

h 

c 

1 

73*68 

•039 

83*68 

*037 

94*56 

*035 

108*00 

*033 

118-09 

*031 

130*87 

•029 

2 

147*16 

•132 

167*36 

*123 

189*12 

•116 

212*00 

*110 

236*18 

*104 

261*74 

•099 

3 

220*74 

*272 

251*04 

*265 

‘ 283*68 

*239 

318*00 

•225 

354*27 

*214 

392*61 

*204 

4 

294*32 

•467 

331*72 

*428 

378*24 

*403 

4 * 24*00 

*380 

472*36 

•361 

523*48 

*343 

6 

367*90 

*683 

418*40 

*640 

472*80 

*601 

530 * 01 ) 

*670 

590*45 

•537 

654*35 

•616 

6 

441*48 

•957 

602*08 

*895 

567*36 

•841 

636*00 

•795 

708*54 

•753 

785*22 

*716 

7 

615*07 

1*27 

686*76 

1*19 

661*92 

1-12 

742*00 

1*06 

826*63 

1-00 

916*09 

*950 

: 8 

688*66 

1*63 

669*45 

1 -53 

756*48 

r 44 

848 * 00 : 1*36 

944 * 72 | 1*29 

1046 * 961*23 

9 

662*25 

202 

763*14 

1*89 

851*04 

1*78 

954*00 1*68 

1062*81 1*59 

1177 * 83 ; i *61 

10 

735*84 

2*46 

836-83 

2*31 

945*60 

2*18 

1060*00 2 06 

1180*90 1*95 

1308*70 1*85 

n 

809*43 

2*94 

920*62 

2*76 

1040*16 

2*59 

1166*00 2*45 

1298 * 99 , 2*32 

1439*57 2*21 

12 

883 02 

3*46 

1001*21 

3*21 

1134*72 

3*05 

1272 -00 * 2*89 

1417 * 0812*73 

1570*44 2*59 

13 

966*60 

4*02 

1087*90 

3-77 

1229*28 

3*55 

1378 00 3*35 

1535*17 3*17 

1701*31 3*02 

14 

1030*18 

4*62 

1171*59 

4*33 

13 * 23*84 

4*08 

1484 * 0013*86 

1653 26 3*65 

1832*18 3*47 

15 1 

1103*77 

5 *26 

1265*28 

4*93 ! 

1480*40 

4*65 

1590*00 4*38 { 1771*35 4*16 

1963 * 053*96 

16 

1177 * 36 ; 6*94 

1338*96 

5*68 

1512*96 

5*25 

1696 * 004*96 

1889 * 44 : 4*69 

2093*92 4*46 

17 

12 no * 95 ' 6*67 

1422*64 

6*26 

1607*62 

5*88 

1802*00 6*55 

2007 * 63 ; 5*26 

21224-79 5*00 

18 

1324 * 5417*43 

1506*32 

6-97 

1702*08 

6-65 

1908*00 6*19 2125 * 62 : 5*86 

V 355*66 6 57 

19 

1398 * 138*22 

1590*00 

7*71 

1796*64 

7*26 

2014*00 6*86 2243-71 6*49 

12486*53 6*17 

20 

1471*72 9*06 

1 

1673*68 

8*50 

1891*20 

8*00 

2120*00 7*56 

j 

2361 * 80 | 7*16 

2617 - 40 , 6*80 

i 



22 

24 

26 

28 

30 

a 

h 

C 

h 


6 

C 

b 

C 

b 

C 

1 

158*36 

*027 

188*44 

•025 

221*13 

•023 

256*56 

•021 

294*44 

*019 

2 

316*72 

*090 

376*88 

•082 

442-26 

*076 

613*12 

•071 

688*88 

•066 

3 

475*08 

*185 

666*32 

*169 

663*39 

•157 

769*68 

*145 

883*32 

•136 

4 

633*44 

•312 

753*76 

*285 

884*62 

*263 

10 i 6-24 

*245 

1177*76 

•228 

6 

791-80 

*466 

942*20 

*428 

1105*65 

*394 

1 * 282*80 

*368 

1472*20 

•342 

6 

960*16 

•650 

1130*64 

*600 

1326-78 

*550 

1639*36 

*615 

1766*64 

•478 

7 

1108*62 

*865 

1319*08 

*795 

1647*91 

•730 

1795*92 

•680 

2061*08 

•636 

8 

1266*88 

1*12 

1507 62 

1*02 

1769*04 

•940 

2052*48 

*875 

2366*52 

•815 

9 

1425*24 

1*38 

1695*96 

1*27 

1990*17 

1*17 

2 : i 09*04 

1*08 

2649*96 

1*01 

10 

1683*60 

1*68 

1884*40 

1-64 

2211-30 

1*42 

2565*60 

1*32 

294 t * 40 

1^23 

11 

1741-96 

2*01 

2072*84 

1*84 

2432*43 

1*69 

28 - 22*16 

1*57 

3238-84 

1*47 

12 

1900*32 

2*36 

2261*28 

2*16 

2653*66 

2*00 

3078 72 

1*86 

3533*28 

1*73 

13 

2058 * 68 ! 

! 2*74 

2449*72 

2-62 

2874*69 

2*32 

3335*28 

2*15 

3827*72 

2*01 

14 

2217*041 

1 3*16 

2638*16 

2 89 

3095 82 

2*67 

3691*84 

2*48 

41 * 22*16 

2*31 

16 

2376*40 

3*59 

2826*60 

3*29 

3316*96 

3*04 

3848*40 

2*82 

4416*60 

2*63 

16 

2533 76 

4*06 

3015*04 

3*72 

3538*08 

3*43 

4104*96 

3*19 

4711*04 

2*97 

17 

2692*12 

4*65 

3203*48 

4*17 

3759*21 

3*86 

4361*52 

3*68 

5005*48 

3*33 

18 

’ 2 H 60*48 

6*07 

3391*92 

4*65 

I 3980*34 

4*29 

4618*08 

3*98 

1 6299*92 

3 72 

19 

3008*84 

6*61 

3580*36 

6*14 

[ 4201*47 

4*75 

4874*64 

4*41 

5594*36 

4*11 

20 

3167 * 20 | 

6*18 

3768*80 

6*67 

44 * 22*60 

5*23 

6131*20 

4*86 

5888*80 

4*53 


Water : Flow in Siphons. (Vodicka.) 

In spite of many observations, the nature of the resistance at- 
tending the motion of water in pipes is still far from clear. It is 
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Water — continued. 

known that the reeietance increases with the length of the pipe 
and with the diminution of the diameter, and the formula of Weis- 
bach (1) is generally used for determining tlje velocity of outflow. 


and 




1 + 

a 



I 

d 


( 1 ) 

( 2 ) 


represents the loss of head due to the frictional resistance. A 
series of exf)eriments upon a large siphon belonging to the water- 
works of Romeno, in Nonsthal, show that the resistance is influ- 
enced not only by the velocity of flow, the diameter and length of 
the pipe, but also to a great extent by the hydraulic pressure on 
the sides of the pipe. It is a physical fact that the resistance in a 
pipe full of flowing water does not arise from friction against the 
pipe itself, but against a thin layer of water which adheres to it. 
The thickness of these layers, wldch are quite still or move very 
slowly, depends on the pressure upon the sides of the pipe. The 
grentor this is, the thicker will be the layer, and therefore the 
smaller will be the diameter of the free area for flowing. In pipes 
with a constant or slightly varying fall, the line of hydraulic 
pressure is about parallel with the pipe. In such a case tne pres- 
sure is almost the same in every part, and the resistance may be 
taken as proportional to the length. It is different in the case of 
a siphon, when the hydraulic pressure varies very much. 

At the Romeno watcT works the supply is collected from some 
springs and from the Rutfre stream into a tank, whence it goes into 
a masonry and concrete conduit by many curves along the faces of 
the hills and cliffs, for a distance of about 1.5 furlongs, to Cavareno, 
where is a second tank. From this it passes by means of a siphon 
938*8 yd. long across the Mosen-bia valley into a third tank, whence 
it flows on to Romeno along a second conduit about 15 furlongs 
in length. 

The siphon consists of cast-iron socket pipes, 5 in. internal diam., 
and has an outlet at the low^est point. In the experiments the 
water was collected at its outflow in gauged reservoirs, and more 
water was always brought to the upper end of the siphon than it 
could take. Three sets of experiments were made, I., II., HI., by 
admitting the water at tliroe points in the siphon on one side of the 
valley, and letting it off at three points on the other side. In I., 
where the heed was 4*233 m. (13*89 ft.), and the length 553 m. 
(1814 ft*), the mean of thr^ experiments gave a flow of 8*867 
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continued . 

per second (117*2 gal. per minute), equivalent to a velocity of 
0’651 m. (2*186 ft.) per second, whereas the Weisbach formula 
gives a velocity of 0*895 m. per second. 

In IL the head was 71m. (28*29 ft.), and the length 517*2 m. 
(1697 ft.). The mean of five experiments (varying from 8*526 to 
8*645) was 8*567 litres per second, equivalent to a velocity of 
0*63 m. per second, whereas the formula gives a velocity of 1*227 m. 
per second. 

In III. the head was 19*985 m. r 65 *405 ft.), and the length 
858*4 m. (2816 ft.). The experiments each gave a flow of 20*25 
litres per second, equivalent to a velocity of 1*487 m. per second, 
whereas the formula gives 1*645. 

In such experiments it is important that the gauging should 
not be commenced until the water has been flowing for some time, 
or until the bubbles caused by the compression of the air, when 
the water first flows into the bottom of the bend of the siphon, have 
ceased to rise. For instance, in the third experiment it was almost 
J hour before the bubbles ceased, and a measurement made at first 
gave only 13*5 litres per second, as compared with the later flow 
of 18 * 55 litres. 

In every case the outflow of water varies considerably from the 
amount given by the formula, especially in II., where the head is 
greater and the sum of the hydraulic side-pressures smaller than 
in I., and yet the outflow is loss. This may be explained as 
follows:— By the increased head in II. (in comparison with I.) the 
velocity would be increased, thus the hydraulic pressure would be 
somewhat lessened, as also would the thickness of the layers of 
water adhering to the wall of the pipe. The loss of head from 
frictfon would, however, he greater, being proportional of the 
square of this increased velocity. In this way almost the whole of 
the excess of head in II. over I. is used up. It is clear that the 

water cannot flow out with less 
velocity in 11. than in I. ; there- 
fore, since less water has flowed 
out, the area of the outflow 
must have been less, which 
agrees with the fact that the 
outflow lies lower than in I., 
and there is therefore a greater 
wall-pressure. This indicates 
that the diminution of the 
cross-section occurs through 
increased wall-pressure by the 
formation of layers of still or almost still water on tlie wall of the 
pipe. 

In III., with a lioad of 2 \ the fl.c^w of water is greatly in- 
creased, and agrees fairly* with maj^afriyed at by using the formula, 
the increased head having overcome the^^esistanoe met with. 


Fig. C. 




MoTIvi PoWEE. 


65 


Water — continued. 

From wbai goes before it follows that the loss of bead in pipes 
is some function of the sum of all the hydraulic side pressures, that 
is a function of the area A B 0 D (Fig. 6) or approximately of the 
area A 0 D, included between the pipe and the straight line joining 
its ends. 

Substituting in formula (2) F for 


= 7 ? . 


F 

d ' 2 g 


( 3 ) 


Where d is the diameter of pipe, v is the velocity of outflow, and F 
the area A C D in sq. m. ; and from (1) substituting F for 

7;2 p' ^2 

+ (4) 

The influence of bends is left out of consideration. Applying 
this formula to the data obtained from experiments I., IL, Ilf., and 
a fourth made subsequently with-a head of 16 m., the value of the 
coefficient t] is determined in each case, and a curve constructed 
showing the varying values of tj as h increases, which gives the 
following results : — 


hz=i 

1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

1) = 0-00 

05 

11 

20 

34 

58 

74 

79 


77 

70 


11 

12 

13 

14 

16 

1 

16 

17 

18 

19 

20 

>; = 0-00 

61 

61 

41 

33 

26 

20 

16 

135 

12 

116 


Hydraulic Grade-line , — This is an imaginary straight line, extend- 
ing from a point on the side of the reservoir denominated the 
velocity-head, to the outlet of the pipe. If the pipe be constructed 
exactly on this line, the water flowing through it, no matter what 
its velocity or volume, will exert no Imrsting pressure. In other 
words, the grade of the hydraulic grade-line is such that the velocity 
c&used by the grade is exactly sufficient to carry down all that the 
pipe will hold, and there is no outward pressure exerted except that 
on the bottom of the pipe duo to the water’s weight. If, however, 
there be a change in the diameter of the pipe at any point, this 
equilibrium ceases to exist. It is never possible in practice to 
adopt this line as a course, but geneMdljTolose^pproximations can 
be made to it, and it is(jj|ig\l 5 wherever 

possible. 
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Water — continued* 

To find the Hydraulic Gradedine , — Calculate the velocity in pipe 
<luo to the total head. Find the head corresponding to this 
velocity. Lay off this head on tlie side of the reservoir from the 
top of the pipe-opening. Its termination will mark the line of the 
velocity-head. From this point sight to the outlet of the pipe ; 
the line of sight is the hydraulic grade-line. 

In constructing a line of piping three cases may arise by reason 
of the inequalities of the ground to be passed over : {a) The pipe 
may lie below the hydraulic gr.ide-line; (6) above it; (c) both 
al>ove and below. 

Pipe below Hydraulic Grade-line . — Here is a bursting pressure, 
varying in power nccording to its distance below the line. To 
find this pressure at any point, ascertain the distance of that point 
vertically below the hydraulic grade-lino. Call this measurement 
the bursting-head — say 6 ft. The pressure, then, on each sq. in. of 
pipe at that point is equal to the weight of a column of water whose 
base measures 1 sq. in. and whose height is C ft. Thus, 1 sq. in. 
multiplied by 6 ft. (72 in.)=72 cub. in.= *04160 cub. ft. multiplied 
by 02*5 (wt. of cub. ft. of water) =26 lb., which is the pressure 
per sq. in. Consequently, if the pijx> lies considerably below the 
hydraulic grade-lines it will need to bo of thicker iron than the 
rest. This law applies in crossing deep hollows. 

Pipe above the Hydraulic Line . — Here is a decided loss of head, 
and consequently of power, in portions of the pipe, if it be the 
same diameter throughout. Find now that point in the pipe 
which is highest above the hydraulic grade-line, and from that 
jmint draw two new grade-lines, one to the pressure-box and one to 
the outlet. Along the former calculate the bursting pre9.sure as 
al>ove, measuring the different beads from the new line. Along the 
latter there will be no bursting pressure, for the grade of the out- 
let end of the pipe will bo so much greater than that of the 
reservoir end that it will carry off the water very much faster, and 
will, in fact, act like a gutter, and bo partially empty. The 
remedy for this is to put in pipes having a decreased diameter. 
To calculate the requisite diameter, assume that the pipe ended at 
that point where it is highest above the hydraulic gra<le-line. 
Calculate the discharge in cub. ft. at that point. This will give 
the amount of water in cub. ft. per seexmd which the outlet section 
must carry. The head will be the vertical distance from the 
highest to the lowest point. 

Pipe both above and below the Hydraulic Grade-line . — The problem 
now becomes more complicated. Divide the pipe into sections for 
every passage it makes above the hydraulic grade-liru*, and make the 
divisions at the several points where the pipe attains its highest 
position. Calculate the discharge at the end of each section The 
first section will ha^^e.g head equal to the vertical distance between 
its discharge and the wfiCter-level in the pressure-box. All succeed- 
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Water — continued. 

ing heads will be measured from the level of the discharge just 
below them to tbeir own discharge. These measurements will 
furnish a series of heads and grades from which the diameters of 
pipe necessary may be calculated. 


Table 19. — Water : Strength of Sheet-iron Piping, (Von Wagenen.) 

This table gives the thickness, in inches and decimals of an inch, 
which iron piping must have to stand a given pressure. 


Head of Water, in ft. 


t 

jr 

100 

150 

200 

250 

300 

400 

600 

600 

800 

1000 












o xi 


Resulting Pressure against Sides of Pipe, in lb . per sq. in. 


51 fl 






















I- 

43-4 

65-1 j 

87 

109 1 

130 1 

174 1 

217 

260 

347 

434 

5 


Required Thickness of Pipe, 

in inches or decimals of an inch. 

2 

•009 

•013 

•018 

•022 

•027 

•036 

•046 

•065 

•075 

•096 

3 

•013 

•020 

•026 

•033 

•040 

•054 

•068 

•082 

•112 

•143 

4 

•Olt 

•026 

•035 

•045 

•053 

•072 

•090 

•no 

•149 

•191 

5 

•022 

•033 

•044 

•056 

•667 

•090 

•113 

•137 

•186 

•237 

6 

•026 

•040 

•053 

•067 

•080 

•108 

•136 

•165 

•224 

•287 

n 

•030 

•046 

•062 

•078 

•093 

•126 

•159 

•193 

•261 

•333 

8 

•034 

•053 

•071 

•089 

•107 

•144 

•181 

•220 

•298 

•382 

9 

•039 

•059 

•079 

•101 

• 1*20 

•163 

•205 

•247 

•336 

•427 

10 

•044 

•066 

•089 

•112 

•134 

•181 

•227 

•276 

•373 

•476 

12 

•053 

•080 

•106 

•134 

•161 

•217 

•273 

•330 

•448 

•676 

14 

•061 

•093 

•124 

•156 

•187 

•253 

•318 

•387 

•623 

•666 

16 

•069 

•106 

•142 

•178 

•214 

•288 

•363 

•440 

•596 

•763 

18 

•078 

•120 

•159 

•201 

•242 

•326 

•409 

•495 

•670 

•860 

20 

• 0 H 8 

•132 

*177 

•223 

•267 

•361 

•454 

•649 

•746 

•960 

24 

•105 

•159 

•213 

•268 

•321 

•433 

•646 

•660 

•895 

1‘160 

30 

•132 

•198 

•267 

•336 

•402 

•643 

•681 

•826 

1^120 

1-420 

36 

•156 

•238 

•318 

•402 

•483 

•661 

•819 

•990 

1^340 

1*710 

42 

•184 1 

•279 

•372 

•469 

•562 

•769 

•966 

1-160 

1-670 1 

2-000 

48 

•210 

•317 

•425 

•635 

•641 

•866 

1-090 

1-320 

1-790 

2-290 


To find what thicltness of iron should he used to make a 20-in. pipe 
which must bear 200 ft, head of water. — The figure given in the 
table is '111 in., which, by the following table, corresponds to be- 
tween No. 5 and No. 6 iron. Or, the head being 100 ft. and the 
pipe 10 in. diameter, the thickness will be *044 in., which corres- 
ponds nearly to No. 22. In selecting the iron it will always be 
safer to take the size one larger than thatjcalled for by the figures^ 
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Table 20. — Wateb; Thickness of the different sixes of sheet-iron 
from Nos 4 up to No, 30. 


No. 

4 haa a thickness of *250 in. 

No. 

18 has a thickness of *055 in. 

tf 

6 

„ *200 

»» 


19 

„ *052 „ 

H 

6 

„ *166 


M 

20 

„ '060 „ 


1 

.. *142 

,, 

9f 

21 

*047 


8 

„ *133 


99 

22 

.. '046 


9 

n *111 


99 

23 

M -044 


10 

„ *100 


99 

24 

-041 „ 


11 

„ *090 

„ 


25 

„ '040 

19 

12 

„ *0^3 



26 

,» *038 ff 

•• 

13 

„ *076 



27 

„ *037 „ 


14 

„ *071 



28 

„ *<135 

99 

15 

„ *0G6 



29 

» *034 „ 

•9 

16 

„ *062 



30 

.. '033 „ 

*» 

17 

„ *058 

** 





In practice tLe depression of the pipe leading from the water-box 
to the pit is rarely more than 5-20 ft. below the hydraulic grade- 
line; the iron is thus compelled to resist a pressure never over 
10 lb. to the sq. in., which ordinary stove-pipe iron will generally 
do. (Von Wagenen.) 


Water: Ordinary Dimensions of Iron Feed Pipes, 


Diameter Pressure 

ofi’ipc. 1 ireesure. 

No. of 
Iron. 

Tlii'-knm 
of Iron. 

in. 

ft. 


in. 

22 

150 

16 

0-060 

22 

150 to 250 

14 

0*078 

22 

250 to 310 

12 

0-098 

30 

150 

14 

0*078 

30 

160 to 275 

12 

0-098 

40 

160 

*• 

0-236 


The iron used varies generally from No. 10 to No. 11, according 
to the pressure, the best iron only being employed. The size of the 
pipe will depend upon the supply of water; with 1;>00“2()00 in. of 
water, a 22-in. pipe will suffice ; whore the supply is 3000 in,, a 
30-in. pipe must be used, and so on. 

No. 14 iron will resist a pressure of 300 ft. head, or 130 lb. to the 
sq. in., and an 11-in. pipe of No. 16 iron, a pressure of .500 ft. or 
217 lb. to the in. No. 14 iron is 0 083 in. thick, and weighs 
3^35 lb. to the s^. ft. ; No. 16 is 0*065 in. thick and 2 '63 lb. to the 
ft. Persons having no practical experience generally make their 
pipes unnecessarily heavy. (Bep. State Mineralogist, California.) 
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Watee: Dams omd Reservoirs, 

Following are useful rules by Von Wagenen : — 

1. Water at Rest transmits Pressure equally in all Directions , — 
If a pressure of 100 lb. is exerted on the entire surface of the water 
in a reservoir whose section is 10 sq. ft., this pressure is transmitted 
in its entirety not only to the base, but to every 10 sq. ft. of its 
sides. Thus, if the interior surface of the reservoir (base and sides) 
measures 250 sq. ft., and a pressure of 100 lb. is placed on the 
water-surface (of 10 sq. ft.), ihe base and walls will receive a total 
pressure of 2500 Ib. Or if the box be so closed at the top as to 
leave but 1 sq. ft. of water exposed, and if a pressure of 100 lb. be 
applied on this 1 sq. ft., an equal pressure will be transmitted to 
every sq. ft. of interior surface, and the total will consequently be 
25,000 11). Or, to illustrate this remarkable pro})erty still more 
thorouglily, suppose the top of the vessel to be covered with the 
exception of 1 sq. in. If on tliis a pressure of 100 lb. is placed, 
ev(‘ry sq. in. of interior surface will be pressed outward with this 
weight, which, for the size box under consideration, would amount 
altogether to ISOO tons. 

2. PAe Pressure exerted hy Water on the Horizontal Bottom of 
a Vessel is wholly indei)endent of the shape of the vessel, and is 
equal to the w’^eight of a column of water whose base is tlie area of 
the horizontal bottom, and whose height is equal to the depth of 
the liquid. 

3. The Pressffre of Water on the sides of a Vessel is equal to the 
weight of a column of water whose base is equal to the area of the 
side, and whose height is equal to one-half the depth of the liquid. 
Owing to this law, the pressure on the w alls and base of a cubical 
vessel is < qual to three times the weight of the water contained. 

Referring to the third principle just enunciated, it will be seen 
that the pressure on any surface under water depends upon two 
things — the de{)th of water and the area of the surface pressed. For 
example, what will be the pressure against the inner slope of a dam 
50 ft. long, 12 ft. wide, and 12 ft. deep at tluj bottom i Ans, — 
Multiply the area of the slope (50 x 12 = 600) by the average 
vertical depth in ft. of tlie centre of gravity of the hlope (6)5=3600, 
and multiply this by 62*5 (the weight of 1 cub. ft. of water) 
= 225,000 lb. 

It will be noted that the pressure is no greater if the water 
reaches back from the face of the dam for miles, than if it were a 
reservoir only a few ft. broad. Hence, if a reservoir is built simply 
for storage, make it large and shallow rather than small of area 
and deep. The loss by solar evaporation will, it is true, be much 
greater, but this disadvantage will be counterbalanced, first, by the 
small leakage ; second, by the cheapness of the dam ; and, third, 
by the great safety of the construction. 

Pearsairs hydraulic engine (Fig. 7) utilises water power for 
pumping without the intervention of pumps. The flow pipe A 
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Water — continued. 

oonductB water from the source B to the engine, the water flowing 
freely through main valve 0 when open as shown. Rod D moves 
0 up and down at proper intervals by means of motor E. At the 
period of the engine stroke shown, the chamber F contains only 
air and communicates freely with the atmosphere by pipe G fitted 
with float valve J. When C is raised and closed it shuts off the 
flow of water, but does not check it till completely closed, because, 
until chamber F is filled witli water up to float H, valve J remains 


Fig. 7. 



Pearsall’s Hydraulic Engine. 


open, giving free communication between chaml>er F and the 
atmosphere ; oonsequeidly the air fre(*]y esonpc^s from the chamber 
and the water freely rises iji the chamber. This action takes place 
during the closing of main valve 0, consequently no power is wasted 
in forcing water through the narrowing orifice of th’s valve, and 
there is no need to close this valve with great rapidity, and in fact 
it comes to rest without any concussion. When the water touches 
float H, it closes valve J, shutting off the passage tor escape of air ; 
the pressure in chamber then rises to the point at which valves K 
open, and some water flows into air vessel L, from which it is con- 
stantly flowing out through delivery pipe M. A little air still 
remains in the chamber at the instant when valve J closes. This 
air is compressed, enters the air vessel, and is used to drive the 
motor which actuates the main valve. The column of water in 
flow pipe is thus brought to rest entirely by elastic resistance of 


Motive Powbe. 


61 


) — continued. 

air. When it has ceased to flow, the main valve is again opened, 
the water with which the chamber F is now full escapes, the air 
valve J falls open, admitting atmospheric air, and the water again 
begins to flow and to escape through valve 0. The machine in 
action is exceedingly smooth and regular ; and the useful effect is 
greater than has ever been attained in the application of water- 
power to raising water. Besides economy, the system has the 
following incidental advantages. The water may bo used with 
high pressure even at the highest points of ground to be sluiced, 
and available pressure for hydraulicing is not limited by the 
topographical features of the country. At the point where the 
machines are erected, a large extra supply of water is available 
besides that at high pressure, and greatly helps to keep the tail- 
flume clear. Efficiency is 70 per cent. A head of water varying 
from 10 to 40 ft. has been used, and there appears no reason why 
these machines should not work equally well with heads varying 
from 2 to 100 ft. They will work with water carrying in suspense 
large quantities of earth, gravel and stones, floating sticks and 
chips, and no obstruction is caused. Considerable variation of 
head and of quantity of supply, even during working, does not 
affect the efficiency ; and if these factors vary inversely at the same 
time, as they usually do, the quantity and pressure of water pumped 
remain the same. The air-vessel is very easily charged with air 
to any required pressure by the direct action of the water. 
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By WinE Hope. 


Table 21. — Iron Wire Kope, 6-strand, 7 wires. (Stahl.) 


Trade No. 

Diameter. 

Price per ft, 

I 

Ketiraated 
Weight per 
ft. ill lb. 

Breaking Streds, 
in tons of 
2000 lb. 

Proper 
Working 
l..oad in 
tons of 
2000 lb. 


in. 

8. d. 




11 

H 

2 0 

3*37 

36-0 

9 

12 

! i« 

1 U 

2*77 

30-0 

7i 

13 

1 u 

1 5 

2*28 

25*0 

ei 

14 

u 

1 H 

1-82 

20*0 

5 

15 

1 

0 Hi 

1*50 

16-0 

4 

16 

i 

0 9i 

1*12 

12*3 

3 

17 

i 

0 1 

0*88 

i 8*8 

2^ 

18 

i*V 

0 6 

0*70 

7*6 

2 

19 

i 

0 5i 

0*57 

6*8 

li 

20 

jt 

0 4 

0*41 

4*1 

1 

21 

V 

0 

0-31 

2*83 

f 

22 


0 2i 

0-23 

213 

i 

23 

« 

0 2i 

0*19 

1*65 


24 


0 2 

0*16 

1*38 


25 


0 li 

0‘126 

1*03 



Table 22. — Special Cast-steel Wire Kope, 6-strand, 
7 wires. (Stahl.) 


Trade No. 

Diameter. 

Price per ft. 

Estimated 
Weight per 
ft. in lb. 

Breaking Stress, 
in tons of 
2000 lb. 

Proper 
Working 
lA>ad in 
tons of 

2000 lb. 


in. 

8. 

d. 




11 

li 

2 

11 

3 *.37 

88*38 

22-0 

12 

If 

2 

6 

2*77 

67*20 

16-8 

13 

1* 

2 

1 

2*28 

60*67 

15-2 

14 

U 

1 

8 

1*82 

39 • 84 

10-0 

15 

1 

1 

4 

1*50 

31*82 

8*0 

• 16 

i 

1 

Oi 

1*12 

24-70 

6-2 

17 

i 

0 

9i 

0'88 

18-48 

4*6 

18 

n 

0 

8 

0*70 

16-32 

4-0 

19 

i 

0 

7 

0*57 

12-44 

3-1 

20 

A 

0 

6i 

0*41 

9*33 

2-3 

21 

i 

0 

4 

0*31 

6-89 

1-7 

22 

T^cf 

0 

3f 

0*28 

6-23 

1-3 

23 

f 

0 

3i 

0*19 

3-93 

1-0 

24 


0 

2i 

0*16 

3-26 

0-81 

25 

A 

0 

2i 

0 125 

2*96 

0-75 
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Transmitting Power : Kopes , (Nystrom.) 

In the accompanying Tables (23-35) Column D contains the 
minimum diameter of pulley, wheel, or drum that should be used 
for the maximum diameter of rope in the next column, d. The 
pulley may be made larger for the same size or smaller rope, and 
the larger the better for the rope. The heading of each column 
explains the contents. 

The wear of a rope is proportionate to its stiffness — ^that is, as 
the cube (P of its diameter, and inversely as the square D* of the 
diameter of the pulley. 

(P 

Wear of rope = 


d = diameter in in. of the rope, and D = diameter in ft. of the 
pulley. 

Column contains the stiffness of the rope in lb. for both winding 
and unwinding on each pulley : when the rope runs over a number 
of pulleys, as when power is transmitted for long distances, the 
sti^ess must be added for each pulley. 

The dynamics of transmission of power by belting, ropes, or 
chains is calculated by the formulas for circular motion. 

The circumference of a rope, as practically measured by a tape- 
line, is not 3*14 times the diameter of the rope, but is oonsMerably 
less, depending upon the numbtfr of strands in the rope. 

d = diameter and a = circumference of the rope. 


Two strands 
Three strands 
Four strands 
Seven stninds 


,r = 2-57. c = 2-57d. 
d = 0-389 0 . 

7r = 2-86. c = 2-8Gd. 
0-35 c. 

7r = 2-96. c = 2-96d. 
0-338 c. 

TT = 3. c = 3 d. 


The diameter of the rope is that of the circle tangenting the 
strands, whilst the circumference is the sum of the lines drawn 
between the strands. 

The accompanyirjg Tables (23-35) were deduced from experi- 
ments specially made by Nystrom for his well-known ‘ Mechanical 
Engineers* Pocket-book.* 





Table 24. — Transmitting Power: Hemp Rope, white, 3 strands. 
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Table 25. — Transmitting Power ; Manilla Eopesy 3 strands. 
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TBAMSUITTUtS POWBB. 


Stiffness. 

Wind and 
Unwind. 

i-> <o m d CO lo lA m e ^ d rn o d lo «d » 

,e,ODd'^cediA.-«<»‘«««Ot^'<«OOOCO»'4*C<)F-t9>Jc-*iAd 

oD«x««iaioio4ii<^^eoeo^ddi^i-iiHiHOooo 

Winding. 

O CO 

O •4< CO 00 ^ 

O O *- *- O 00 00 kO CD lO O © i-c 00 OS CD »A lO CO CO 

^COOlAOiaCOrH©©-.iidO©4^'<d4r-«©QO©©^COd 

u9iA^i^iMC^COdddddiHi-.irHiHOOOeOOO 

Length per lb. 
ft 

©l-©©OiAOlAdd©© — ©d©©©*- 
(-ico©o©©-.t<©©©©d’^t^©©©eoo©©e© 
.•j>r-tr-tr-tdddCOeO'<d«©©©OCO©©^^^^©eO© 

i-tF-t.lid^*©*-ocboco 
rH rH eo © 

Weight per ft. 
lb. 

© u» '^©eooco© 

^ -.»< © o © •♦( « H* CO © •-• f-4 © d i- ■.♦<©«©© eo 

§©dO©©©©©f-l©©d©t^>0©di-4nOOOO 

©^^©■^eoddddt-iAcr-teoooooeoooo 

Strength. 

Safety. 

lb. 

o©ooooo©oo©oooo©oo©e«©i-.im 

Or»0<n000»>0©»«O0O©KM0U!>-^©t~^© 

^Oe0©dOr-4'.^©©e0©©O©©©©rH©©©d 

lO^COOOC'ICifHi-HrHi-H 

Break. 

lb. 

ooooooooo©ooooooo©oeo©© 

ooooo©oo©5ooooo»o©ao©o-¥*i 

^C^'^^co It^o "I**©©©©©©©©© 

tOf-iOr-itP’.ttnn'^iat^ss’^oococi^'^toctrT 

r^«©d©®*-©©iO‘©©di-Hr-. ^ 

Size of Rope. 

ClTtum. 

in. 

© _*-*-©■.# M © O ©»» © •<# © © -4 

,^»H*«di-4. ^*^©d© 06 .-«rHC^©d©»©t-t*»'^©i^ 

*^j«^w^oo©«)*»4^®©©-iitWdddi^.-4i^b 

1 = 

'^©©©'0'4<©©©©ddddi>Hi-4p>ir>i 

1 

1 “ 

_ ^ M Q-« ^ct<i.tone...eooe4ioao^C^»S^c3 












Table 26. — TRANBBnTTiNQ Poweb; Tarred Hemp EopeSy 4 strands. 
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Stiffness. 

Wind and 
Unwind. 

4*ao(on<ococo'<}<ocooto 

QOjr>koeoe4i-4i-io©w««©©ie4itconMesic^fHfHO 

f-ii—lrHr-trHi-l-Hi— 4 

Winding. 

^ © M *- CO o 00 eo ift -ftt o N C5 

WMO©a0«)*-J>©»0«54(44l4«W0IC^f-(r-(»-4..^OO 

Length per lb. 
ft. 

©oDint-oCQoeo»0'^'^ooi»ft»o»'<fF-(»fst-t-.co 

©t-o>i-i'^©o»e4i©i-HQc>©©*»»opiQooeoo>««© 

•**©oOf-4i-4i-ti-ie^c«ieoeo>^»o*-o©eoi-»N©»oo»'<«4 

•-4iHC4CO'«^©©©^ 

Weight per ft. 
lb. 

. tfS © O N © ^ ws © © 

_ Me«e»©H4»©CO«aO©'^‘ftC><«M©Oif5(M 

8f-t^»©©t»©rHi1«*-t-«©*H©W©©'^COC>ili-‘»HOO 

©C40©©©>b^t©mM(^r-l«-4000000000 

Strength. 

Safety. 

lb. 

oo©oig©ig»ft©o©ooo©©o©o«o©o 

o©2®^®«3c^c3©©ooo©©ociooioc^o 

^©©0©©©©©'^i-.©,-l'.j4©©©©C^©©x|4Mr-l 

5 i i ss 8 a 2 2* £ 2 2 “ ® - 

Break. 

lb. 

S 

230.000 

194.000 

160.000 
130,000 
102,500 

90.000 

78.600 
67,700 
67,700 

48.400 

40.000 

32.400 

25.600 

19.600 

14.400 

10.000 

6,400 

4,900 

3.600 
2,500 

1.600 

900 

400 

Size of Rope. 


3 . 
3.S 

3 

, 

" « s-^s 2 js’STc »2rs® sr « a ssssr-* 

« 

2 

id 


§ 

s 

Pulley. 


Q®®*oooo®»'.*o»'.ooo«io»oo»«a>Seo 







Table 27. — Transmitting Po-wer: Cotton Ropes^ o strands of Fine Yarns, 
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TBANBMITTINa PoWBH, 


a ^ 
.5 c 


U 


CO 


4 • 


CO <o m 
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Table 28. — Transmitting Power : Iron Itopes, 19 X 7 = 133 \Yires and Wire Centre. 
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Stiffness. 

Wind and 
Unwind. 

,e(’<iJ<OOCSI»ft««OCOO«OeC©*'«^»-IOO«3WOO)i'.«0'4»<W 
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jO 

a 

O) 
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»<»o©Oi-4i-(i-(i-(e<<NMcC'^©**©*o««f'-'coe»(»©o 

r-t 

d 

h. 

dj 

A . 
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§ 

^©■^«eo©-t^®eo*'. — ©o©c^©©-4feoe».~irHOO 
© O a)©©iO'^n»C4^>~>r-4©©000000© 

5s 




oiAe©oiA©eeo©©tno©©oe^-c4C4i(^o 

©C^U3»ft©l-O00©mJt-(M©0ir5©0r-r-N©W> 

^©.-»eMe^«N««ft.-<®(X-©©cO'<j*i'»e^o©>-i(X©esirH 

c 

CG 

lOeOrHC^rt©lOi-i'XlOCOOOO©'<*lCOC?ir-lF-( 

s 

«s ^ 
22- 
« 

s 

300.000 

252.500 

209.000 

169.000 

133.000 

117.500 

102.000 
88,400 

75.200 

63.200 

52.200 

42.300 

33.300 
25,600 
18,800 
13,000 

8,360 

6,400 

4,710 

2,270 

2,090 

1,180 

522 

o 

« 

© 

Circum, 

in. 


00 

Diam. 

in. 


§ 

5 

Pulley. 

ft. 

\0 © © ©COrwCO ©© 

^©©©o©©©©t-.©e<t©o©e4©©©©'«44©©e<3 

i^©i-i^e<loi)©H<W>liO»oo©ioWNCSI'-«i^r^©© 
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Table 29. — TBAVSMrrrtNG Poweb: Iron Ropes. 19 x 6 = 114 Wires and Hemp Centre. 
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Tbansuittiko Powbb, 


Stiffness, 

Wind and 
Unwind. 

oAao4^co«0iotota<^<i<«mcr>e^c^MfHpHfHtHOOO 

Winding. 

*-OS«~<*0»-.H©«OUStOMO>OOU5e<IO>*-«.-»0»(NO» 

j?-©©»0'i<4i<-i»<eow«Ne«NNr.4i-i,-<.H.H©ooo 

I^ength per lb. 
ft. 

'Ifoo© — ©©0OO»©M*^©«5i-.>.f©©H<©© 
l-00O<»5©<»»-<i0©lrtNN©*»00©tD00P0»tU9M00 

-Hi-<NM^CD©©eO 

Weight per ft. 
lb. 

©ON»-eO©Jh-M«^J«©0'^'^OOI-OD.-i-.f©»f5N 

9ifleOM©oc<i»o©coa)COao»ftf-ioo»ort(Nc^fHooo 

Ct)r-)©«^©IO-^COinC4M>H>-trHOOOOOOOOO 

Strength. 

Safety. 

lb. 

»rtioooooo©©©©©ON©irto©>fl©©o»« 

t-t«ou>ooooooooo©oc<ioeoc<iQooooc4 

^QOrto»-o©if5»-<©i-i»fti-io©»ft^©kOr-it».tfseMi«-» 
tHOOOCiroO'*^‘.-aOio'o» O «<N pH i-< 

*»©lOTtt«C»OINr-«p-(pH»H 

Break. 

lb. 

s 

287.500 

241.500 
200,000 

161.500 
128,000 
112,000 

98.000 

84.400 

72.000 

60.400 

50.000 

40.400 

32.000 
24,250 

18.000 
12,500 

8,000 

6,120 

4,500 

3,129 

2,000 

1,120 

500 

Size of Rope. 

Circum. 

in. 

O Nto oto H* Ha •if* •!?«•• 

1 ^ 


§ 

s 
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ft . 

to *<■ 

OO*-OO.i*i©H<O*-W^OOO©,HJt-C0©»-*ftC<» 













Table 30.— Tbansmittikg Power : Iron Hopes. 7 x 7 = 49 Wires and Wire Centre. 
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Table 31.— Transmitting Power : Iron Bopes. 7 x 6 = 42 and Hemp Centre, 
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0*093 10t5 

0*052 19*23 

0*023 43*48 











Table 32.— Transmitting Power : Iron Rope. 7 x 6 x 6= 252 Wires. Cotton Centre in each Rope Strand 

and Hemp in the Centre, 
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Stiffness. 
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Unwind. 
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16,850 

11.700 
7,500 
5,740 
4,220 
2,930 
1,870 
1,050 

468 

Size of Rope. 

Clrcum. 

in. 


Diam. 

in. 


Diam. 

Pulley. 

It, 

kC U3 lA © © 

^0©0©00009C4©W0C^©9-«ti-H©t«©mi-( 



Table 33.— Tbansmittinq Powkb: Cast Steel Ropes. 19 x 7 = 133 Wires and Wire Centre. 
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Stiffness. 

Wind and 
Unwind. 

l0Me^iaa0<90Cf3«i9oMlL0Od>M0»lAtH00-<#O00 

*-t09»eO*-*«-«OOiOio4|«'^J<CO«CMCT»H»-4iF^f-tOOO 

AVinding. 

iQiCOi--<tnaocOA>c4aDiArH>>cooteiNQOUdco<>Her>i'>ta?o 
0>00*'-<©C©U5»0-^'d*'^WCOWMM.Hr-lfH i-l^ O O O 

\ 

\ 

h 

£ 

L- 

3 

io 

a 

010t'-05.-tCOQOOSOOO»0«Or^OOMl^'>il<P>OH« 

»rtQ0C»li-«m#^05M*»C^0000p0Si~»0C^*«»C»»rtO«H(p 

r-li-ICI«^PP^O 

Weight per ft. 
lb. 

_rtirt •^C^OOH‘U90Nr-flO»flPM-ff-i.-iMtOOift01 
5:n'«*'Me»3«>*-ocoi'-r-ikoo(DMpp'ii‘oON — -hOO 

OC^O(X/OU3iO'«^COMC^'<I'HC»00000000 
r-i t-i r-i 

Strength. 

. 

.Q 

eooookAiAtAtooooeeekot«tou9>AOH*u» 
^>000l'*000<-ie0« ©if5'rf»»»t5i>-e*5«>PPCOOO««'W 

rJ -f <o o !» 00 « P o e© P> © ifT « N *H 

(N©0C?C©'^pl<e0C0NNi-Hi-irH 

M 

PQ 


Size of Rope. 

Circum. 

in. 

o <411 '44>i4«Hh>4* .<#•*» 

Dlam. 

in. 

IW HcBwh* -4» Hi* *•* -ff H« 

Ir 

OOJt»o»^©»peoooot-*«.«©'<«i«ooS§i^e5ric3©5 

©i«00«r-»«C4000»«seO«>-i©00»'<4<eOMClFHr^OO 






Table 34 . — Tbaksmitting Power : Cast Steel Ropes. 19 X 6 = 114 Wires and Hemp Centre. 
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Rope Driving. (C. W. Hunt.) 

It has been found that 200 lb. on a 1-in. rope is a safe and 
economical working load, and when materially increased the wear 
is rapid. Test pieces of manilia rope made at diflerent works 
varied slightly in diameter, but when reduced to the equivalent of 
1 in. diamciter had an average breaking strength of 7110 lb. Ex- 
pressed algebraically, the breaking strength, weight per foot, and 
the working strains are — 

W = 720 (1) ; P = *32 C* (2) ; w = 20 C* (1) 

In these and the following equations : — 


C = circumference of rope in 
inches. 

D = sag of the rope in inches. 

F = crentrifugal force in lb. 
g = gravity. 

H = hor8e-pow(!p. 

L = distance between pulleys 
in tt. 

P = lb. per ft. of rope. 

R = force in lb. doing useful 
work. 


S = load in lb. on rope at 
pulley. 

T = tension in lb. on driving 
side of the rope. 

t = tension in lb. on slack side 
of the rope. 

V = velocity of rope in ft, per 
second. 

w = working load in lb. 

W = ultimate breaking load in 

lb. 


This makes the normal working load equal to the breaking 
strength, and about of the strength at the splice. The actual 
loads are ordinarily much greater, owing to the vibrations in 
running, as well as from imperfectly adjusted tension mechanism. 

Assuming that the load on the driving side of a rope is equal to 
200 lb. on a rope 1 in. diara., and that the rope is in motion at 
various velocities of 10 ft. to 140 ft. per second. Then we will have 
in all cases a fibre loud of 200 lb. on the driving side of a 1-in. rope, 
and an equivalent hiad fur other sizes. The centrifugal fi)roe of 
the rope in running over the pulley will reduce the amount of 
force available for the transmission of power. The centrifugal force 
of the rope is computed by the formula — 


At a speed of about 80 ft. per second, the centrifugal force increases 
faster than the power from increased velocity of the rope, and 
about 140 ft. per second equals the assumed allowable tension of 
the rope. Computing this force at various speeds and then sub- 
tracting it from the assumed maximum tension^ we have the force 
available for the transmission of power. The whole of this force 



78 


TRANSMITTma PoWBR. 


Rope continued. 

oannot be used, because a certain amount of tension on the slack 
side of the rope is needed to given adhesion to tlie pulley. What 
tension should be given to the rope for this purpose is uncertain, as 
there are no experiments which give accurate data, and at the 
present time a decision must be made partly from analogy and 
partly from experience. 

If the rope be considered as a belt on a plain pulley, the friction 
would bo substantially the same as a leather belt at the same ten- 
sion; but us ropes are frequently lubricated to reduce the wear, 


Fig. 8. 



VELOCITY OF DRIVING ROPE IN FEET PER SECOND. 


the coefficient of friction must bo materially reduced. There have 
been no experiments to decide with accuracy what this reduction 
is, but it is known from considerable experience that when the 
rope runs in a groove whose sides are inclined towards each other 
at an angle of 45° there is sufficient adhesion when the ratio of the 
tension is 

T 

- = 2 . ( 3 ) 

t 

" For the present purpose T can be divided into three parts;— 
Tension doing useful work, tension from centrifugal force, tension 
to balance the strain for adhesion. The tension t can be divided 
into two parts: — ^Tension for adhesion, tension from centrifugal 
force. It is evident, however, that the tension required to do a 
given work should not be materially exceeded during the life of 
the rope. 
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^ope driving — continued. 

There are two methods of putting ropes on the pulleys ; one in 
which the ropes are single and spliced on, being made very taut at 
first, and less so as the rope lengthens, stretching until it slips, 
when it is respliced. The other method is to wind a single rope 
over the pulley as many turns as needed to obtain the necessary 
horse-power, and put a tension pulley to give the necessary adhesion 
and also to lake up the wear. The total tension T on the driving 
side of the rope is assumed to be the same at all speeds. The cen- 
trifugal force, as well as an amount equal to the tension for adhe- 
sion on the slack side of the rope, must be taken from the total 
tension T to ascertain the amount of Ibrce available for the trans- 
mission of power. 

It is assumed that the tension on the slack side necessary for 
giving adliesion is equal to one-half the force doing useful work 
on the driving side of the rope ; hence the force for useful work 
is — 



„_2(T-F) 

® 3 ’ 

w 

and the tension 

on the slack side to give the required 

adhcBioD 

is— 

(T-F) 

3 

(5) 

Hence, 

3 

(0) 


The sum of the tensions T and t is not the same at different speeds, 
as the equation (0) indicates. 

As F varies as the square of the velocity, there is, with an increas- 
ing speed of the rope, a decreasing useful force, and an increasing 
total tension t on the slack side. With these assumptions of allow- 
able stresses, the horse-power will be — 


^_2t?(T-F) 
3 X 550 ’ 


(7) 


Transmission ropes are usually 1-1 1 in. diam. A computation of 
the horse-power for four sizes at various speeds and under ordinary 
conditions, based on a maximum load equivalent to 200 lb. for a 
rope 1 in. diam., is given in Fig. 8. The horse-power of other sizei 
is readily obtained from these. The maximum power is trans- 
mitted, uudor the assumed conditions, at a speed of about 80 ft. pei 
second. 
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Rope driving — continued. 

Tiio first cost of the rope will be smallest when the power trans- 
mitted by it is greatest, and, under the assumed conditions, will be 
a minimum for a given power when the velocity f>f the rope is about 
80 ft. per second. The ratio of the first cost of the rope running at 
any other speed will bo — 

Eatio of first cost = (8) 

H at required speed 

The wear of the rope is both internal and external ; the intemal 
is caused by tlie movemeiit of the fibres on eacli other, under pres- 
sure in bending over the sheaves, and the external is caused by the 
slipping and tlm wedging in the grooves of the pulley. Both of 
these causes of wear aie, witliin the limits of ordinary practice, 
assumed to be directly proportional to the speed. Hence, if we 
assume the coefficient of (he wear to be Jc, the wear will be k v, 
in which the wear increases directly us the velocity, but the horse- 
power that can be transmitted, as equation (7) shows, will not vary 
at the same rate. 

If we divide the value for wear at a given speed by the horse- 
power that the same rope will transmit at other spcjeds, we get the 
relative wear of the rope in transmitting 1 horse-power. The 
higher the spewed, up to about 80 ft. per second, the more power 
will be transmitted, but it is accompanied by a more than equivalent 
wear. 

The rope is supposed to have the strain T constant at all speeds 
on the driving side, and in direct proportion to the areaot the cross- 
section ; hence the catenary of the driving side is not affected by 
the speed or by the diameter of the rope. 

The deflection of the rope between the pulleys on the slack side 
varies with oa<?h change of the load or change of the speed, as the 
tension equation (8) indicates. The deflection or sag of the rope 
may be computed for the assumed value of T aud t by the parabolic 
formula — 

S = (9) 

S being the assumed strain T on the driving side, and f, calculatc<l 
by Equation (6), on the slack side. 

It is to be regretted tliat accurate data are not available to deter- 
mine the constants needed in the equations for wear aud for friction 
on the pulley. 
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Table 36.— -Tuansmitting Power: Comparison of Hopes, 


1 

Locked Wire 
Rope made 
of Patent Cru- 
cible Steel. 

Ordinary Round Wire 
Rope made of 
Patent Crucible Stttel. 

I’arred Hemp I 

Rope. 

1 

W orking : 
Load for 
Inclines 
->h of 
Breaking 
Strain, 

i 

Working 
Load Un* 
SliafiH 
ith of 
Breaking 
Strain. 

Break- 

ing 

Strain, 

Circumference in 
inches. 

Weight per fathom. 

1 

B 

<v 

u 

5 1 

V y 1 
pB 

a 

.S 

a 

Sio; 

■S 03 

^ 5 o 

Xi a.aj 
o 

"o 

^ i 

"Weight per fathom, 
rope made with 
hemp centre core. 

Circumference in 
inches. 

Weight per fathom. 


lb. 


lb. 

lb. 


lb. ! 

ton. 

cwt. 

! Ion. cwt. 

ton. 

5 

34 

01 

44 

as 

22 

321 

19 

13 

14 

15 

118 

4i 

31 

oi 

40 

35 


110 

18 

6 

13 

15 

110 


2S 

0 

at 

32 

20 

100 

16 

13 

12 

10 

100 

1 

2r) 

5^ 

30 

20 

19 

91 

14 

3 

10 

12 

85 

4 

22 : 

! 5 

251- 

23 

18 

HI 

12 

10 

9 

7 

75 

3i 

20 ; 

4i( 

i 24 

22 

17 

72 

10 

16 

1 ^ 

2 

65 

3i 

in : 

n 

1 22 

20 

15 

56 

10 

0 

7 

10 

60 

3* 

15^ : 

4 

18^ 

101 

14 

48 

8 

6 


5 

50 

3 1 

131 : 

H 

i IHI 

I5i 

13 

42 

6 

16 

5 

2 

41 

n \ 

11 1 

3ii 

! 17 

14^ 

12 

36 

6 

6 

i ^ 

15 

38 


Hi- i 

3| 

' loi 

9.} 

11 

31 

5 

0 

3 

15 

30 


7 1 

3 

1 o; ! 

8 

10 

25 

4 

3 

1 3 

i2 

25 

2 

51 1 


1 ’ 

6i 

9 

20 

3 

3 

i ^ 

7 

19 


Table 37. — Transmitting Power : Comparative Ffflcicncij of 
Si/stcms. (Btjiinger.) 


Distance of Transmission. 

Electric. 

Hydraulic. 

Pneumatic. 

VV ire Kope. 

300 It. 

•69 

•.50 

•55 

•96 

1,500 „ 

•68 

•50 

•55 

•93 

3,000 „ 

•66 

*50 

•55 

•90 

15,000 „ 

*60 

*40 

*50 

•00 

30,000 „ 

•51 

*36 

•50 

*36 

60,000 „ 

‘32 

*20 

•40 

•13 


It appears from this table that wire rope is most efficient up 
to about 3 miles, beyond which electric and pneumatic transmission 
are most efficient. 






82 


Tbansmiitino Powbb, 


Table 38 .— Tbansmitting Power : 

per B.P. transmitted. 


Comparative Cost of Plants 
(Beringer.) 


Maximum 1 
H.P. 

tvansmitted.' 

Distance of 

transmission. ! 

1 

i Electric. | 

Capital out 

Hydraulic. 

lay per H.P. 

Pneumatic. 

"Wire Rope. 


ft. 

£ 

£ 

£ 

£ 


:joo 

13 

40 

11 

6 


1,500 

16 

64 

94 

30 

5 

3,000 

19 

94 

204 

59 

15,000 

i 105 

.348 

584 

296 


30,000 

138 

694 

1,060 

140 

1 

60,000 

I 204 

1,206 

2,000 

1,188 


300 

50 

29 

58 

5 


l,.'i00 

53 

44 

10 

22 

10 

3,000 

r>ri 

63 

86 

46 

15,000 

15 

214 

208 

225 


30,000 

100 

406 

360 

448 


60,000 

jno 

1H4 

662 

910 


300 

39 

16 

.30 

2 


1,500 

40 

20 

35 

7 

50 

:},ooo 

41 

30 

41 

14 

15,000 

54 

89 

86 

67 


30,000 

61 

166 

14.3 

132 


60,000 

91 

.316 

258 

265 


300 

31 

14 

25 1 

1 


1,600 

32 

20 

29 

4 

100 

3,000 

34 

27 

33 

8 

15,000 

44 

86 

65 

40 


.30,000 

61 ' 

160 

106 

19 


60,000 

85 

302 

187 

158 


Table 39. — Transmitting Power: Comparative Cost per Steam 
Poirar JJ.P. received. (Beringer.) 


Maximum 

H.P. 

transmitted. 

Distance of 
transmission. 

Cost per H.P. received. 

Electric. 

Hydraulic. 

Pneumatic. 

Wire Rope. 


ft. 

d. 

d. 

d. 

1 d. 


300 

2*3 

•2 ’55 

2*15 

1*16 


1,500 

2*35 

2-9 

3*0 

1*46 

K 

3,000 

2*45 

3-2 

3*35 

2*9 

O 

16,000 

2-9 

6-6 

6*3 

5*5 


30,000 

3-35 

10*65 

9*65 

10*5 


60,000 

6-25 

19*25 

16*95 

23*0 


300 

2*0 

2*4 

2*66 

1*16 


1,500 

2*1 

2*6 

2*1 

1*4 

1 ii 

3,000 

2-16 

2*85 

2*9 

1*76 

lU 

16,000 

2*55 

6*65 

4*55 

4*56 


30,000 

3*65 

1*8 

6*35 

8*6 


60,000 

4-9 

14*5 

10*56 

19*35 
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Table 39.— Tbansmitting Poweb, &o.— con^mw^c?. 


Maximum 

H.P. 

transmitted. 

Distance of 
transmission. 

Cost per H.P. received. 

Electric. 

Hydraulic. 

Pneumatic. 

Wire Rope. 


ft. 

d. 

d. 

d. 

d. 


300 

1*9 

1*65 

2*06 

1*1 


1.500 

1*95 

1*7 

2*15 

1*2 

50 

3,000 

2*0 

1*8 

2*2 

1*3 

15,000 

2*3 

2*95 

2*9 

2*55 


30,000 

2*8 

4*25 

3*6 

4*55 


00,000 

4*3 

7*9 

6*36 

11*25 


.300 

1*8 

1*05 

2*0 

1*1 


1,600 


1*7 

2*05 

1*15 

100 

3,000 

1*95 

1*8 

2*1 

1*25 

15,000 

2*2 

2*9 

2-65 

2*25 


30,ii00 

2*05 

4*2 

3*16 

3*9 


00,000 1 

1 

4*16 

0-95 

4*55 

9*85 


Table 40. — Transmitting Power : Comparative Cost per Water 
J\iwer Jf.P, received. (Beiinger.) 


Maximum 
H.P. 1 
transmitted. 

Distance 

Cost per ll.i\ received. 

i transmitted. 

Electric. 

Hydraulic. 

I’neumatic. 

Wire Rope 


ft. 

d. 

(L 

d. 

d. 

i 

300 < 

•35 

•29 

•40 

•11 


1,500 j 

•36 

•38 

1 *47 

•19 


3,000 

•37 

•48 

*58 

•30 

1 

15,000 

•45 

1-40 

1*28 

1*26 


30,000 

*62 

2*53 

2-43 

2*53 


60,000 

*85 

4*85 

4*50 

4*92 


300 

•27 

*25 

*36 

•09 


1,500 

*28 

*30 

•38 

[ *17 

10 

3,000 

•29 

•37 

•45 

! *25 

15,000 

*36 

•96 

*89 

1 -97 


30,000 

•47 

1-66 

1*44 

1*93 

1 

60,000 

*72 

3*21 

4*02 

4*05 


300 ' 

•23 

•15 

•22 

*09 


1,600 

•24 

•18 

*24 

•11 

50 

3,000 

•26 

•22 

•28 

•13 

15,000 

*29 

•46 

•44 

•38 


30,000 

•31 

•77 

•65 

•73 


60.000 

•66 

1-44 

1-09 

1*63 


300 

*20 

•16 

•22 

•08 


1,500 i 

•22 

*17 

•23 1 

•10 

100 

3,000 

•23 

•19 

•24 

•11 

15,000 

*26 

*43 

•36 

•28 


30,000 

•32 

•73 

•48 

*48 


60,000 

•60 

1*15 

•84 

1*20 
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Distance in Miles Attainable with 90 per 
Source of Power. cent. Efficiency of Transmission over— 

Hoad. I Tram. I Rail. 


Coal and steam engine 

Com and horse 

Storage battery and electromotor 


115 

52 

4 


270 

170 

10 


1,300 

440 

26 
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Table 44. — Transmission Plant for 5 H.P. (Kapp.) 


Distance of Trans- 
mission in miles. 

Annual Cost per II. P. delivered, if the Transmission is — 

By Batteries. 

Direct. 

Overhead. | 

Underground. 


Z 

£ 

£ 

1 

36-1 

22*8 

33' 6 

2 

37‘6 

25*6 

47*2 

3 

39-1 

28-0 

60*0 

4 

4C-G 

30 •« 

74-0 

5 

42*1 

33*0 

87-0 


Table 45. — Formidm for Electric Transmission of Power. (Kapp.) 

Volts rTHD/lO"® 

Kilogrammes = H c / 


9,810,000 

C Total current through armature. 

0 Current through single armature conductor. 

E.M.F. ill armature in volts. 

T Number of active conductors counted all round armature. 
p Number of pairs of poles (p = 1 in a two-pole machine). 
n Speed in revolutions per minute. 

F Total induction in C.G.S. lines. 

Z „ English lines. 


Electromotive 

force 


fe. = F T - 10 ® I , . , , . 

I 60 > for two pole machines, 

La=ZTnlO'® j 

Ca = ^)F T 10'" (for multipolar machines with 
I series wound armature. 

^ pZrn 10"^ i 


{ Kilogramme-metres = 1*615 F t C 10“^®) for two -pole 
Foot-pounds = 7*05 Z t 0 10**® ) “aachines. 

Kilogramme-metres = 3*23 F r cp 10"^^ J for multipolar 
Foot-pounds =14*10 Z rep 10"®) »aaohines. 
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Table 46. — Most Economical Current for Electric Power Transmission, 

(Kapp.) 


D .. .. .. Distance in miles. 

a Section of conductor in sq. in. 

E Terminal volts at generator. 

e Terminal volts at motor. 

HPg Brake horse-power required to drive generator. 

HPm Brak(3 horse-power obtained from motor. 

c Current in amperes. 

Efficiency of generator, 90 per cent. ; efficiency 
of motor, 90 per cent. 

ij Cost in £ per electrical horse -power output of 

generator. 

in Cost in £ pt;r brake horse-power output of motor, 

including regulating gear. 

Cost in £ of generator. 

Cost in £ of motor and regulating gear. 

Weight in tons of ct)pper in line. 

K Cost in £ per ton of copper, including labour in 

erection. 

.S’ Cost in £ of supports of line per mile run. 

p Cost in £ of one annual brake horse-power ab- 

sorbed by generator. 

(] Perconlage for interest and depreciation on the 

whole plant. 

h^c l‘6KD2c2 

Capital outlay = --- + m HP„ + D. + = A. 

A HP 

Annual cost per brake horse-power delivered = q -f p — . 

HPm HPm 


G = HPg 
M = m HPm 
t = 18*2 Da 


830 

j ~ -Ti^HPm, the cuiTent which would bo required if the 
^ line had no resistance, 

E B 

and i9 = / rr-- — riv »* “^lost economical current 

l*b{7KD^ + EB 

at the given voltage E is — 


, /l-CqrKD* } 
c yp+-\/ i-OgKD^ + BEj 

For very long distances the term under the square root approaches 
unity, and the most economical current the value 2j ; from which 
it follows that tinder no circumstances will it be economical to lose 
more than half the total power in tlie line. 
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Table 47 . — Cost of Transmission of Power Plant, (Kapp.) 


Distance 

in 

Miles. 

H.P. 

Delivered, 

Speed of 
Maediiues. 

Gen. 

Cost in £. 

Mot. 

Lino. 

Total 

Cost."’ 

Cost 

per H.P. 







£ 

£ 

1-870 

86 

450 

6i0 

560 

440 

1,880 

22*2 

-280 

195 

500 

760 

680 

132 

1,800 

9*7 

•280 

51 

600 

320 

280 

60 

720 

14*1 

•375 

90 

550 

520 

480 

80 

1,240 

13*8 

•660 

71 

600 

440 

400 

60 

1,010 

X4*6 

-280 

40 

700 

260 

240 

20 

640 

16 

•375 

75 

600 

480 

440 

68 

1,120 

15 

-500 

87 

500 

620 

480 

100 

1 ,260 

14-6 

1-660 

150 

6U0 

760 

720 

330 

2,050 

13*7 

•220 

93 

450 

440 

420 

232 

1,270 

13-7 

6*260 

11 

900 

132 

110 

480 

960 

87 

2-200 

61 

600 

360 

320 

300 

1,140 

22-4 

•187 

60 

900 

240 

220 

18 

600 

10 

6-000 

41 

750 

240 

200 

344 

1,020 

24*8 

3-750 

220 

600 

1,040 

960 

640 

2,960 

13-5 

•002 

15 

6(i0 

112 

104 

8 

252 

16*8 

•250 

19 

700 

160 

160 

20 

390 

20-5 


* I'liis iriclodos regulating apparatus instruments, posts, insulators, lightning 
arresters, erection, and supervision. 


Table 48. — Schaffhausen Electric Power Transmission Plant. (Kapp.) 


Number of machines 

Normal horse-power 

Number of poles in magnet fields 

Revolutions per minute 

Teiminal voltag(3 

Normal current, amperes 

Diameter of armalurH, inoljes .. 

Length of armature core, limhes 

Radial depth of armature core 

Section of armature conductor, square inches 

Number of armature conductors 

Number of commutator eegraeiits 

Loss in armature resistance per cent 

Induction in armature, C.G .S. measure . . 

Shunt resistance, ohms 

lioss in shunt excitation per cent 

Main turns per magnet 

Loss iu main excitation per cent 

Type of armature 


Icnerators. 

Twin 

Motor. 

Small 

Motors. 

2 

1 

2 

300 

380 

60 

6 

6 

2 

300 

300 

350 

624 

000 

60U 

330 

500 

81 

474 

424 

23| 

20 

m 

22.} 

8 

7 

H 

•103 

•078 

•0287 

316 

316 

540 

158 

158 

90 

1-46 

1'52 

2*7 

7,500 

7,600 

15,800 

140 

143 

295 

1-35 

1-68 


6 

4 


•3 

•2 


Drum 

Drum 

Cylinder 


The power is transmitted from a turbine station across the Rhine 
to the Schaff hausen spinning millSj a distance of about 750 yd. At 
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Schafhaus^cn Plant — continuecl. 

the generaiiiig station are four turbines, eacli of 350 H.P., of which 
only two arc at j)rc8(‘Tit in U8(‘, and the energy delivered at the 
turbine pulleys is sold to the mill owners jit the rate of 21. IGe. per 
H.P. per annum. From the turbine pulleys two G-pole dynamos 
are driven by oolton ropes, each dynamo having an output of 330 
amperes at G24 volts wlu n running at 300 rev. per niinute. These 
machines arc ov('r-coni})Ounded, so as to give a constant potential 
of GOO volts at the motor end of the line* and in ordinary working 
are coupled in parallel. At the receiving station is a Iwin motor 
of 380 H.P., and two other motors, i aeh of GO H.P. The twin motor 
is G'pole* and the smalhu* motors 2>pole, an<l the power is trans- 
mitted from them to the mill shafting by cotton rop('s. There are 
four mnin conduetors, all overhead, each having a sectional area of 
•437 sq. in., and being supported by iron towers 4G ft. high; the 
span across the river is 330 ft, and each of the remaining spans is 
430 ft. The guaranteed commercial efficiency reckoiuMl from tlie 
turbine pulleys is 78 p(T cent., the variation of speed of the motors 
between full and no load not more than 3 per cent., tlu‘. life of a set 
of brushes not le.ss than 2000 hours, and of a commutator not loss 
than 20,000 hours. The total cost of the electrical part of the 
plant, including inm towers and erection, was G800Z. 

The use of alterunti' eurnuit generators and motors for largo 
transmissions has much in its favour; there are no commutators, 
and by having transformers at both ends of the line the working 
potential may be 10,000 or 25,0( 0 volts, or even higher still, wliilo 
the potential at the machines is only a few hnntlred veils. An 
ordinary alternate-current dynamo ean easily be run as a motor, 
but, as sueb, it is not self-starting, and if overloaded to the extent 
of 50-100 per cent., may get out of step with the supply current and 
come to a standstill. Tliere is another method of alternate-current 
transmission, known as the “ three-] din so current’’ system, w^hich 
has neitlier of the abovi; objections; it is a development of the 
Ferraris two-wire and of the Tesla three-wire systems, but with it 
the transmission and plant efficiencies are much greater than with 
the Tesla system. An objeclion to the F< rraris system is that the 
speed of the motor is not self-regulating, but may vary from zero 
to the synchronising speed according to the load. 

Tjiansmitting Power : Electric Accumulators in Mines. (Pocock.) 

The use of accumulators in mines is not far off, and it will be of 
interest to many to see how far this reservoir of power will bear 
filling and drawing ujion at the present time, and what the rela- 
tive cost of the two electrical systems may be exiiected to bo, not so 
much in first outlay as in the running exj)enBes of the plant. 

The first thing to bij decidi d is the weight of these iiocumulators, 
and the easiest way to define this, is the weight per H.P. Salom 
says it takes 25 lb, of battery to give 1 H.P.-hour, and that to give 
100 H.P.-hours, or 10 H.P, for 10 hours, requires 5500 lb. of battery 
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Electric Accumulators — continued. 

or 220 elements ; but 25 lb. is the net weight and 32 lb. the real 
total upon which we must base our calculations, so that we liave 
a total of 7040 lb. as tlie wxiglit of this battery. Then as to the room 
this will take upon a mine-locomotive. A mine-locomotive of 10 
H.P. should not be more than 9 ft. long, and 2 ft. of this will be 
taken up by the bumpers, leaving 7 ft. in length for the battery. 
Then for a 3 ft. track it should not be more than 5 ft. wide. Allow- 
ing 1 in. all round a cell, it will be possible to set 90 of these on 
the floor-space of the locomotive; but we must have 14 more than 
this, which will make the width C8 in. The height of this cedi is 
8 in.; and, allowing 2 in. space above it, and IJ in. of plank, the 
top of the second tier will bo 19J iiu high above the floor. 

If the motor is to be placed below this floor (and there is no 
other place for it), then the both -m of the floor will be 2*0 in. from 
the track ; and, allowing tlie floor to be 3 in. thick to stand the 
weight, the top of this car will be 4 ft. dj in. above the track. 
Remembering that the height of the 40 II. P. motor at Lykens 
Valley is only 4 ft., and that the one at Erie Colliery, also 40 H.P., 
is 4 ft. 4 in. high, and tliat they are both narrower and of the 
same length as the proposed storag(i-motor, and of four times the 
power, tliero is ceitaiuly (me point established against the present 
use of accumulators. 


Table 49. — 

Weighty etc., 

of Electric Minc^Loconxotm s, 

(Pocock.) 


Horse-power of Weight of 

Largest 

speed. 

Location. 

Motor. 

Loconiot Ive. 

I >oa(l. 

Miles 



lb. 

Tons. 

per hour. 

Zankerode .. 

.. 4*5 

3000 .. 

]3i 

.. 6 

Paiilus 

.. 5 to C 

4200 .. 

• • 6 

Lykens 

.. 40 

12,000 .. 

1G5 

.. 6*8 


.. 40 

12,000 .. 

150 

.. C*8 

Shawnee .. 

. . . . 

4500 .. 

21 

.. 5 

Buckingham 

*. 

7000 . . 

GO 

.. 8 


. . 

4000 .. 

30 

.. 8 

Bear Run . . 

.. GO 

18,000 .. 

150 

.. G 

Erie 

.. 40 

13,500 .. 

107 

G 


To tbe weight of accumulators, 7040 lb., must bo added that of 
motor, say 1300 lb., wheels and axles, say 1100 lb., and frame 
of mac) tine, say, for strength alone, 1400 lb., giving a total weight 
of 10,840 lb. 

From this it appears that the small German motors weigh about 
700 lb. per H.P., and that the large American motors only weigh 
300 lb. per H.P., whereas the accumulator-motor would weigh at 
least 1000 lb. per H.P. It is true that weight is necessary to 
traction, but it is also true that unnecessary weiglit will entail loss 
of power, and it appears that 700 lb. per H.P. is found to work 
satisfactorily with small motors, and that the weight per H.P. 
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Eleotric Mine Locomotives — continued. 

decrefl.t>e8 as the H P. increases. Consequently, for a 10 ELP. 
motor, 1000 lb. per H.P. appears to be too high. There will be 
a waste of power in moving this weight, and, if we wished to 
operate a 40 H.P. locomotive with batteries, the nuinl)er of cells 
would be 880, and their weight 28,100 lb. They might be divided 
into two batteries anil lowed in a tender, but even then each 
would weigh 14,080 lb., and this would absorb at h ast 500 lb. of 
the total pull of the motor, when running on the level, and con- 
siderably more where griuhjs are to be overcome*. 

Dr. Lewis Dell has pointed out that, while a good roadbed is 
necessary for electrical traction by overliead wire, it is even more 
imperatively so when btorage-batlerics are used. AV(i have found 
in practice that a 25 Ib.-per-yard steel rail is too light for a loco- 
motive of 13,000 lb. weight to be run upon ; therefore, there is no 
saving to bf* looked for in this direction by the use of accumulators. 
On the contrary, wh(^n we l>egin to 2^nt in a loadbed heavy enough 
to stand the weight of a locomolivo weighing, say, 23,000 lb., there 
are many disadvantages tliat the eolliery-manager will be the first 
to see. Besides the first cost of the track, the keeping of this 
weiglit of track in good repair in a mim* where the floor is for ever 
moving (as it is in many of our miiK*s), wonhl be a work of no 
slight expense in itself. It appcnirs, therefore, that not much is to 
be cx2)ectod from accumulators as a means of liaulage. 

However, this is one side of the question oidy. There is another 
side which sljould he considered, and that is the use of the accumu- 
lator-motor in collecting the cars to a i)oint win ‘re the heavy 
haulage-motor can reach them. The pro8))oct, as viewed from this 
point, is more encouraging. From what 1 have seen of the work, 
a motor of about 5 H.P. would do the work of 3~4 mules, and the 
weight would bo about 5000 lb., as follows : 


lb. 

Accumulators (110 colls) 3500 

Motor 600 

“Wheels and frame 1000 

Total weight 6100 


This machine could be built low, so as to take up little height. 
It is only possible to make this form a commercial success, in my 
opinion, when the gangways are low and the roofs would have to 
be cut to gain lu iglit enough for mules to work. Then, the cost of 
the cutting saved by the use of the motor would counterbalance 
the repairs on the battery, and the extra care and expense in laying 
and keeping the track in order. The cost of the system may be 
estimated as follows — assuming the first cost of the locomotive 
complete to be 460^., and allowing that the mine can afford to 
charge these cells for 8Z. per H.H per year, the generator and 
engine being already installed and doing work during the day-time, 
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Electric Mine Locomotives — continued. 

and this sum representing fuel and interest on machinery. The 
attendance should not be more than OOZ. per year, as the pump-man 
and night engineer can do the work : 


Table 50. — Estimate of Expense of 5 ILP, Accumulator-Motor, 


£ s. 

Interest, at 6 per cent., on 460Z. .. .. .. .. 27 12 

Repairs to battery 100 0 

Repairs to motoj-, etc 30 0 

Cost of power, at 8Z. per H.P 40 0 

Attendance in charging at night 00 0 

Engineer, at 8s. per day, for 2G0 days 104 0 


361 12 

Table 51. — Cost of running three mules and drivers. 


Interest and depreciatioTi (26 per cent.) on 90Z., , . 23 10 

Feed, Hhoeing, harness, and attentiou, at Is. 4d. 

per day 72 5 

Three drivers, for 260 days, at 8s. per day . . 312 0 

Total 407 15 

Less 361 12 

Annual saving on 3 mules . . 46 3 

Or, for 4 mules : total expense 543 10 

Less 361 12 

Annual saving on 4 mules .. 181 18 


Or, about 44 per cent, on the investment, under the circumstances 
assumed. 

The rail and track being an important item in the economy of 
this method, I think that perhaps the cheapest, and at the same 
time the best method would be to use 20-25 lb. steel rail, and, in 
laying the track, to place the ties first about 3 ft. apart centre to 
centre, and on these, and under each rail, to place a string-piece of 
wood li by 3 in., nailed to the ties, and spike the rails on the top, 
keeping the stringer-joints and the rail-joints from coinciding. 
The combination makes a solid track, and a very smooth-running 
one, and it has the advantage of not lifting easily into very uneven 
points ; the ends of the rails do not jump as when only laid on the 
ties, and the track has not the spring to it which is so injurious. 

The true place for accumulators at present is in lighting, and it 
looks as if they could be used to advantage in this connection. 
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Electric Accumulators — continued. 

They are very heavy, it is true ; but the lighting-arrangement for 
8 hours* work would not be a large or very heavy affair, and could 
be taken to the working-place on the first car, and brought out on 
the last, RO that it would not have to be carried by band at all. 
The advantage to the operator would be material, as the men can 
work bottf'r in goo<i liglit than in poor, and the coal would come 
faster and cleaner from a w^ell-lighted place. The lighting of 
switches, turnouts, etc., could be easily acconixdished in all parts 
of the mine, and Ihe jar which would be detrimental to traction 
would not occur in tins case. The charging could bo done at 
night, and a clear steady light delivered during the working hours. 


Table 52. — Transmitting Capacity of Shaftmg. (Webber.) 

The following table gives the number of horse-power which may 
be safely transmitted by wrougiit-iron shafting, properly supported, 
at 100 rev. per minute: 


FifRt Movers, Carrying 
Main Pulley or Gear. 

Second Movers, or Line 
Shafting, 8 ft. Spans. 

Third Movers, or Short 
Counter Shafts, with Bear- 
ings near Pulleys. 

Diameter. 

in. 

n.p. 

Diameter. 

in. 

H.P. 

Diameter. 

iu. 

ir.p. 

1 

1 

1 

2 

1 

3 


1*95 

n 

2*85 


3-69 

1*60 

3 -.37 

H 

3*90 

H 

4-27 

1-76 

6*36 

If 

6*19 

l-SL 

6-02 

2 

8 

li 

6*74 

ll” 

6-85 

2-26 

11*39 

If 

8*68 

1-5- 

6*78 

2-50 

16*62 

If 

10*72 

If 

7-79 

2*76 

20*80 

If 

13-18 


8-91 

3 

27 

2 

16 

H 

10-12 

3 •2,5 

34 -.33 

2f 

19*19 

1-!L 

11-19 

3*60 

42*87 

2f 

22*78 

If 

12-87 

3-76 

62*73 

n 

26*79 

IP 

14*41 

4 

64 

2i 

31-24 

If 

16*07 

4-26 

76*77 

2f 

36-17 

113 

17*86 

4*60 

91*12 

2f 

4] -60 

If 

19*77 

4*76 1 

107*17 

2i 

47-63 


21*81 

5 

126 

3 

54 

2 

24*00 

6*25 

144*70 

3f 

60-92 

2 Jg. 

26*32 

6*60 

166*37 

34 

68*66 

24“ 

28*78 

6*76 

]90*11 

38 

76-89 


31*40* 

6 

216 


85-74 

24 

34 17 



3f 

96-27 

2 -A. 

37*09 



— 

3f 1 

106-46 

2f" 

40*18 



— 

3f 

116-37 

2 -1- 

43*44 

— 


4 1 

128 


46*87 


For other velocities, multiply by the number of revolutions and 
divide by 100. 
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Tkansmitting Power : Belt Gearing, 

The resistance of belts to slipping is independent of their breadth, 
consequently there is no advantage derived from increasing their 
dimension beyond that which is necessary to enable the belt to 
resist the strain. The ratio of friction to pressure for belts over 
wooden drums is, for leather belts, when worn *47, when new *5, 
and when over turned cast iron pulleys, *24 and '47. A leather 
belt will safely and continuously resist a strain of 350 lb. pt*r sq. in. 
of section, and a section of '2 sq. in. will transmit the equivalent of 
1 H.P. at a velocity of 1000 ft. per minute over a wooden drum, and 
*4 sq. in. over a turned oast iron pulley. In high speed belting the 
tension or the breadth of the belt shouhl bo iucj-eased in order to 
prevent belt from slipping. Long belts are more elfective than 
sliort ones. A single belt 1 in. wide, travelling at a velocity of 
1000 ft. per minute, transmits 1 H.P. A double belt 1 in. wide, 
travelling 700 ft. per minute, tmnsmits 1 H.P. When a double 
belt is long and runs over large pulleys it maybe calculated to do 
1 H.P. of work at a speed of 500 ft. per minute. The upper side of 
the pulle y shouhl always carry the slack belt. To throw a belt on 
to its pulleys, when it has been laid off, it should always be laid 
on to the pulley that is not iu motion first, and then be thrown 
over the edge of tlic moving pulley on to its fa(‘e. A belt will 
transmit about 30 per cent, more power, with a given tension, when 
the grain (smootlv side of the leather) is in contact with the pulley 
than when tiio llesh side is turned inward. The leather is also 
less liable to crack, as the structure on the llesh side is less dense, 
and the fibres more exteiisilde. The adhesion of belts is greater on 
polished than on rough pulleys, and is about 50 per ctmt. greater 
on a leather covered pulley than on a polished iron pulley. Larger 
pulleys and drums may be covered with narrow strips of leather or 
with longer strips wound spirally. Pulley covers are manufactured 
in strips of the desired width, and reduced to uniform thickness by 
machinery. Belts should be kept soft and pliable by applying 
tallow occasionally, and neats-foot or liver oil, with a little rosin 
when they become hard and dried, liubber belts ought always to 
be kept free from grouse and animal oils. If they slip, moisten the 
inside of the belt with boiled linseed oil. Fine chalk sprinkled 
on over the oil will help the belt. 

To Find Length of Belts^ — Rule: Add the diameter of the two 
pulleys together, multiply by 3^, divide the product by two, add to 
the quotient twice the distance between the centre of the shafts, 
and the product will be the required lengih. 

To Calculate Power of Belting , — 1 iu. single belt moving at a 
velocity of 1000 ft, per minute = 1 H.P. ; 1 in. double belt moving 
700 ft. per minute = 1 H.P. Then H.P. of any belt equals its 
velocity in ft. per minute, multiplied by its width and divided by 
1000 for single and by 700 for double belts. 
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Belt Gearing — continued. 

To Calculate Speed of Drums and Pulleys , — 

(a) The diameter of the driven being given, to find its number 
of revolutions. Rule : Multiply the diameter of the driver by the 
number of its revolutions, and divide the product by the diameter 
of the driven, the quotient will be the number of revolutions of the 
driven. 

{h) The diameter and revolutions of driver being given, to find 
the diameter of the driven that shall make any given number of 
revolutions in the same time. Rule : Multiply the diameter of the 
driver by its number of revolutions and divide the produ(;t by the 
number of revolutions of the driven ; the quotient will be the 
diameter. 

(c) To ascertain the size of the driver. Rule: Multiply the 
diameter of the driven by the number of revolutions you wish to 
make, and divide the product by the revolutions of the Sriver ; the 
quotient will be the diameter of the driver. 

In ordering pulleys, the exact size of the shaft on which they are 
to go must be given ; and the finish on the face should be flat for 
shifting belt, rounding for non-shifting belt. 



Table 53 . — Diameter and Ilorse-powcr of Shaftbig, Revolutions per minute. 
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This table is calculated for general shafting, transmitting power by belt pulleys. For shafting carrying 
heavy weights or transmitting power by gears, diameter should be increased accordingly. 
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Table 54. — TransxMITI'ING Power : Ifot'se-power and Breadth of 
Leather Belts, (Nystrom.) 

B = brea<lth of belt in in. 

HP = liorso-power tranBiiiiited by the belt. 

V = velodtv in ft. per second of tho belt. 
d = diftUiotor in in. i , j, 

n = revolutions p(T minute j ^ ^ 

F = motive force in lb. transmitted by the belt. 

7i = half uiif^lo of contact of belt on the small pulley. 

S = safe workiii*!: slrenj^tli in lb. per in. of width of bolt, which 
for oak-t limed leather J in. thick, cemented and riveted joints, can 
be taken at 100 lb. and less in proportion for weaker belts. 


TTT> d n F (»0 B V p • 1 41 • 1 

IIP = for singhi thickness (1) 

120050“ 1000 

15UOO JOO ^ ^ 

“ iiioooo 

„ ] 5000000 IIP 

“ = 

T 4- 1 



^ 120050 HP 550 HP 

= 


Fx, A leather belt is to transmit HP =r 75 horse-power over a 
pulley d = 30 in. diameter, making n = 80 revolutions per minute; 
angle of contact Z = 85% and the safe working strengtli S = 100 lb. 
per in. of width. Kequired the width of the belt. 


Width h = 


15 000000 X 75 
30 X bu X 35 X 100 


= 40 in. nearly. 




Table 55. —Transmitting Power ; Breadth of Belts in Inches for different Motive Forces and Angles of Contact 

(Nystrom.) 
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WEIGHTS AND MEASURES. 


Table 5C. — Miscellaneous, 


28 cub. ft. « 1 ton. 


4-i cub. ft. 
45 „ 

48 „ 

48 „ 

48 „ 


1 ton. 


Basalt 187 lb. per cub. ft. 

Clay 100 „ ,, 

Clay slate 180 „ „ 

Coal, anthracite .. ,. ,50-55 „ „ 

„ ,. broken, 1 cub. ft.= 1-75 cul). ft. 

„ bituminous .. 40-50 ib. per cub. ft. 

„ „ . . 70-78 ,, heape<l bushel. 

„ „ Cannol 50 „ cub. ft. 

„ „ Cumberland 53 ,, „ 

„ „ Lancashire 

„ „ Newcastle 

„ „ R.N. allowance 

„ „ Scotch 

„ „ Welsh 

Gravel, coarse 28 „ „ 

„ free from cement and containing 

no heavy boulders, wet .. .. 90-100 lb. per cub. ft. 

„ ditto do. dry .. .. 80- 90 „ „ 

„ boulders not over G in. diameter, wet 95-105 „ „ 

„ ditto do. do. dry 85- 95 „ „ 

„ 18 cub. ft, in bank = 27 cub. ft. dry = 1 ton. 

Limestone, solid 170 lb. per cub. ft, 

„ broken .. 96 „ „ 

Loam, wet, loose 72-80 „ „ 

„ „ packed 90-100 „ „ 

„ dry, loose 66-68 „ „ 

„ „ packed 85-95 „ „ 

Tvoose dirt, about 400 cub. in. to a miners’ pan. 

Quartz, solid 165 „ „ 

„ broken 94 „ 

Sand, dry 88-90 „ „ 

„ wet 118-120 

Shale 162 „ „ 

„ decomposed 100 „ „ 

Trnprock . .. 170 „ „ 

Wood, 4 ft. X 4 ft. X 8 ft. = 128 cub. ft. = 1 cord. 

„ charcoal, 18 lb. per cub. ft., 124 J cub. ft. — 1 ton. 
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Table 57. — Weights and MEASunEs: Minerals. (Haswell.) 


-- 

Sp.gr 

Lb. per 
cub. ft. 

- 

Sp.gr 

Lb. per 
cub. ft. 

Alabaster, white 

2130 

170-626 

Karth, loose . . , , 

1600 

93-76 

„ yclluw . . 

2699 

168-687 

N moist sand . . 

2050 

128-125 

Alum 

1714 

107-125 

„ mould, fresh. 

2050 

128-125 

Amber 

1078 

67-375 

„ ramm^ 

IhOO 

100 

Asbestos, starry 

.lOTS 

192-062 

„ rough sand.. 

1920 

120 

Asphalte . . . . . . 

2250 

140-625 

„ with gravel.. 

,» potters* 

„ light vegetable 

2020 

126-26 

Barytes, sulphate | 

4000 

4866 

250 

304-062 

1900 

1400 

118-76 

87-6 

Basalt 1 

2740 

171*26 

1 Krnery 

4000 

250 

2861 

179 

i Felspar .. .. 

2600 

162*5 

Bitumen, red . . . 

1160 

72-3 

FliJit, black . . . . 

258-2 

161*376 

„ brown 

830 

51-7 

white .. .. 

2594 

162*125 

Borax 

1714 

107*125 

F'luorlne 

1320 

82-6 

Brick ] 

1.3G7 

fifi-437 

Fuel, Warlich’s 

1150 

71-875 

1900 

118-76 

,, Lignite .. .. 

1300 

81*26 

,, pressed .. .. 

2100 

150 

Gnei»<, common 

2700 

158-76 

,, fire 

2201 

137-662 

Granite, Egyptian red 

2654 

165-875 

„ work in cement 

1800 

112-5 

„ i*atapsco , . 

2640 

165 


1600 

100 

„ Quincy 

26.52 

165-75 


2000 

126 

„ Scotch . . , 

2625 

164-062 

Carbon 

3.600 

218-7.6 

„ Susquehanna 

2704 

169 

Cement, Portland . . 

1300 

Ml -25 

»» n grey 

2800 

175 

„ Roman 

1560 

97*25 

Graphite 

2200 

137 -S 

Chalk ] 

1520 

95 

Gravel, common 

1749 

100 

278» 

174 

Grindstone 

2143 

133-937 

Clay 

1930 

120 

Gypsum, opuqiic , . 

2168 

136 *6 

„ with gravel 

2480 

155 

Iloiie, white, razor . . 

2876 

179-76 

1350 

84*375 

Hornblende . . . . 

36 0 

221-25 

Coat, Anthracite , . < 

1436 

89-76 

Iodine 

4940 

— 

„ \ 
„ Borneo . . . . 

1640 

1290 

102-5 1 

80-625 

Lava, Vesuvius. . i 

1710 

2810 

106-876 

176-626 

„ Cannel . . | 

1238 

77-375 

Lias ^ 

13.60 

146-876 

1318 

82-575 

Lime, quick , . . . 

804 

50-25 

„ Caking .. .. 

1277 

79*812 

„ hj'dranJic.. ,. 

2745 

171-562 

Cherry . . . . 

1276 

79-75 

Llinestonc, white . . 

3156 

197-25 

„ Chill 

1290 

80-625 

„ green 

3180 

198-76 

„ Derbyshire 

1292 

80-75 

Magnesia, carbonate 

2400 

150 

„ Lancaster., 

1273 

79-562 

Magnetic ore , . . , 

5094 

317*6 

„ Maryland,, .. 

1355 

84-687 

Marble, Adelaide . . 

2715 

169-687 

„ Newcastle 

1270 

79-375 

African 

270S 

169-25 

„ Rive deGier .. 

1300 

81-25 

„ Biscayan, black 

2695 

168-437 

„ Scotch , . 1 

1269 

78*687 

„ Carrara . .. 

2716 

169-76 

1300 

81-25 

„ common 

2686 

167*875 

Splint .. 

1302 

81-376 

„ Egyptian . . 

2668 

166-75 

„ Wales, mean , . 

1316 

82-187 

„ French . . . . 

2649 

165-562 

Cuke 

1000 

62-6 

„ Italian, white 

2708 

169-25 

NatM, Va 

746 

46-64 

„ Parian .. .. 

2838 

177-376 

Concrete, in cement. . 

2200 

137-5 

„ Silesian 

2730 

170*626 

,, mean.. .. 

2000 

125 

M Vermont, white 

2650 

165-67 

Karth, common soil, 



Marl, mean 

1750 

109-376 

dry . . , , 

1216 

76 

,. tough , , , . 

2340 

146-25 
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Table 67 — continued. 


- 

Sp. gr. 

Lb. per 
cub. ft. 

1 

Sp.gr. 

Lb. per 
cub, ft. 

Maeonry, rubble 

2050 

128-125 

Sand, mortar, Ft. Ricli- 



M Granite 

2640 

165 


mond 

1659 

103-66 

„ Limestone . . 

2640 

165 

»> 

„ Brooklyn 

1716 

107-25 

„ Sandstone . . 

2160 

135 

silicious . . . . 

1701 

106-33 

„ Brick .. .. 

2240 

140 

Sandstone, mean 

2200 

137-6 

„ „ rough- 




Sydney .. 

2237 

139-81 

work 

ICOO 

100 

1 Schorl 

3170 

198-126 

Mica .. .. .. 

2800 

175 

i Scoria, volcanic. . . . 

830 

61-875 

Millstone 

2484 

155-25 

Shale 


2600 

162-5 

„ Quartz 

1260 

78-75 

Slate 

/ 

2672 

167 

Mortar . , , , j 

1384 

86-5 

1 

2900 

181-26 

1750 

109-376 

.. 

purple . . . . 

2784 

174 

Mud 

1630 

101-875 

Sinai 

2440 

152-6 

„ wet and fluid . . 

1782 

112 

Soapstone 

2730 

170-626 

«« »> n pressed 

1920 

120 

Spax, calcareous 

2735 

170-937 

Nitre 

1900 

118-76 

ft 

feld, blue • 

2693 

168-312 

Paving-stone . . . . 

2416 

151 

„ green 

2704 

169 

Peat, Irish, light 

278 

17-375 


fluor .• .. 

3400 

212-5 

II dcfisc/ • • 

562 

36-125 

1 Specular ore .. 

5251 

328-187 

„ „ very dense 

675 

42-187 

1 Stalactite « . . . . . 

2416 

150-937 

„ black . . 1 

1058 

66-125 

Stone 

, Bath .. .. 

1961 

122 

1329 

83-062 


Blue Hill 

2640 

165 

Phosphorus . . . . 

1770 

110-626 

»» 

Bluestone (ba- 



Plaster of Paris. . | 

1176 

73-5 


salt) . . . . 

2025 

164*062 

3400 

212-5 


Breakncck,N.Y. 

2704 

169 

»• y. dry . . 

1400 

87-5 


Bristol . . . . 

2510 

156-875 

Porcelain, China 

2300 

143-75 


Caen, Normandy 

2076 

129-75 

Porphyry, red . . , . 

2765 

172-812 


common . . . . 

2520 

157-6 

Pumice 

915 

67-187 


CraiBhitU 

2,316 

144-76 

Quartz 

2660 

166 25 


Kentish rag. . . 

2651 

166-687 

Ked lead 

8940 

658-75 


Kip 8 Bay, N. Y. 

2759 

172 

Kock, crystal .. . .. 

2735 

170-937 


Nortolk (Par- 



Rotten-stone . , . . 

1981 

123-812 


liamerit House) 

2304 

144 

Salt, common . . . . 

2130 

133-126 


Portland 

2368 

148 

y, rock . . . . . • 

2200 

137-6 


Staten island, 



Saltpetre 

2090 

130-625 


N.Y 

2976 

186 

Sand, coarse , . . . 

1800 

112-5 


Sullivan Co. . . 

2688 

168 

„ common .. .. 

1670 

104-376 

Sulphur, native 
'I’erra cotta . . . . 

2033 

127-062 

,y damp and loose 

1392 

87 

1952 

122 

„ dried „ „ 

1560 

97-6 

Tile 


1815 

113-437 

» dry 

1420 

88-75 

I'rap 


2720 

170 


Table 58. — Weights and Measures ; Precious Stones, 


Sp gr. 

Agate 2595 

Ametbyat .. .. 2620 

Carnelian .. ..2613 

Chryaolite ., 2782 

Diamond, Oriental 3521 
M Brazilian 3444 
„ pure ., 3550 
Emerald .. .. 2750 


„ ■‘'pg''- 

Kmerald, aqua ma- 

line . . , . 

.. 27.30 

Garnet . , , . 

.. 4189 

„ black . . 

3750 

Jasjier ., .. 

.. 2600 

Jet 

•• 1300 

Lapis lazuli . . 

.. 2960 

Malachite • . 

.. 4020 


Onyx . . . . 

Sp. gr. 
.. 2700 

opal . . . . 

.. 2090 

Pearl, Oriental 

.. 2650 

Ruby . . . . 

.. 3980 

Safiphire. . . . 

.. 3994 

'J'opaz . . . , 

.. 3500 

Tourmaline .. 

.. 2970 

Turquoise 

.. 2750 
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Table 59. — Weights and Meabdbes : Metals. (Haswell.) 


- 

Sp.gr 

1 Lb. i)er 
i cub. in. 

— 

Sp.gr. 

Lb, per 
cub. in. 

Aluminium, cast. 

2660 

*0926 

Iron, wrought, pure. . 

8140 

•2938 

„ wrought 

2670 

•0906 

„ ordinary meau.. 

7744 

•2801 

„ bronze . 

7700 

•2.85 

Lead, cast 

11352 

•4106 

Antimony 

6712 

•2488 

„ nilled .. 

11388 

•4119 

Arsenic 

6763 

•20.84 

Lithium 

590 

•0213 

liariuni 

470 

•017 

MagnoKium 

1760 

•0633 

Biemutb 

9H23 

•3553 

Manganese 

8000 

*2894 

Boron 

2000 

•0723 

Mercury — 40° .. .. 

15632 

•5661 

Brass — 

Sheet, cop 76, zinc 25 

8460 

•3056 

„ + 32- . . . . 

+ 60° . . . . 

13598 

13569 

•4918 

•4908 

Yellow „ 66, „ 34 

8300 

•2997 

„ 4-212°.. .. 

13370 

•4836 

Muntz „ 60, „ 40 

8200 

•2906 

Molylxlenum , , . . 

8600 

•3111 

IMate 

83H0 

•3026 

iNickid 

8800 

•3183 

Cast 

8100 

•29.30 

,. cast 

8279 

•2994 

Wire 

8214 

•2972 

Niobium . . 

6000 

•217 

Bromine 

3000 

*1085 

Omium 

10000 

•3613 

Bronz(‘, pim metal . . 

„ ordinary mean 

8750 

•3165 

Palladium 

11350 

•4105 

8217 

•2972 

Platinum, barnmored 

20337 

•7356 

„ cop, 84, tin 16 

8832 

•3194 

„ native 

16000 

•5787 

>1 •> «l, 111 

8700 

•2929 

„ rolled 

22069 

•7982 

„ small bolls, 
cop. 35, tin 65 

8060 

•291 

Potassium, 59° . . . . 

lied lead 

865 

8940 

•0313 

•324 

M M HI. „ 74 

7390 

*2668 

Ubocbum 

10650 

•3852 

Cadmium 

8050 

'3129 

Hubidiuin 

1620 

•055 

Calcium 

1580 

•057 

Hiithenium .. .. 

8600 

•3111 

Chromium . . . « . . 

6000 

•2134 

Selenium 

4500 

•1627 

Cinnabar 

8098 

•2929 

Silver, pure, cast 

10474 

•3788 

Cobalt 

8600 

•3111 

„ „ hammered 

io:>ii 

•3802 

Columbium . , . . 

6000 

•217 

Sodium . . , , . . 

970 

•0351 

Copper, cast . . . . 

8788 

•3179 

Sttxd, minimum 

7700 

•2786 

„ plates .. 

8698 

*3146 

„ maxi mum 

7900 

•2857 

„ wire and bolts 

8880 

•3212 

„ plates, mean . . 

7806 

•2823 

„ ordinary mean 

8880 

•3212 

„ Buff. . 

78.33 

•2833 

(told, pure, cast 
hammered 

] 9258 
193r.i 

•6905 

•7003 

„ tempered and 
hardmied . . 

7818 

•2828 

„ 22 carats line . . 

17486 

•6325 

„ wire 

7847 

•2838 

20 

16709 

•5682 

„ blistered .. .. 

7823 

•283 

Iridium 

18080 

•6756 

„ crucible . , . , 

7842 

•2836 

„ hammered .. 

23000 

•8319 

„ cast 

7848 

•2839 

Iron, cast 

7308 

•264 

„ BeBsemer. . . . 

7852 

•284 

„ minimum . . . . 

6900 

•2491 ‘ 

„ ordinary mean 

7834 

•2916 

„ maximum 

76U0 

•2707 

Strontium 

2540 

•0918 

„ ordinary mean. , 

7207 

•2607 

Tellurium 

6110 

•221 

mean, Eng. 

7217 

•2600 

Thallium 

11850 

•4286 

„ cast, hot blast . . 

7065 

•2&ti5 

fin, Cornisli, hamm’r'd 

7390 

•2673 

M cold „ 

7218 

•/eii 

pure . . 

7291 

•2637 

„ wrought bars , . 

7788 

fl5817 

Titanium 

5300 

•1917 

„ „ wire 

7774 , 

*2811 

I'unLBten 

17000 

•6149 

„ „ roll'd pl’t's 

7704/ 

•2787 

Uranium 

18330 

•6629 

„ „ average . 

76981 

7640t 

•2779 

Wolfram 

7119 

•2675 

„ „ Eng. rails 

•2722 

Zinc, cast , , . , . , 

6861 

•2482 

„ „ Lowmoor 

7808' 

•2819 1 

„ rolled 

71BI 

j *26 
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Table 60. — Weights and Measubes : Metals (Molesworth). 
Wrought Iron. 

Cubic inches x *28 = lb. avoirdiipt>is. 

„ X 100 = qr. 

„ X 400 = cNvt. 

Thickness of plates in indies x 40 = lb. per sq. ft. 

)) „ eighths X 5 = 

„ ,, tenths X 4 = „ „ 

Sectional ana in indies X <5*84 = lb. per lin. ft. 

„ „ eighths X *052 = „ ,, 

„ „ inclies X 10 = lb. per lin. yd. 

Lb. per lineal yard x '7857 = tons per mile run. 

Diameter of round iron in inches scjuared x 2*64 = lb. per foot run. 


Various Metals. 

Multipliers to convert the weights as found above into the weights 
of otiier metals. 


Weight of wrought iron 

X *92 

= 

weight of zinc. 

>» 



X *93 

= 

jj 

east iron. 

w 


„ 

X *94 

= 


tin. 


,, 


X 1*02 



stt d. 



»9 

X 1*09 

= 


brass. 

» 

»» 

)» 

X 1*15 

= 


copjier. 




X 1*47 

= 


lead. 

Cub. in. 



X *252 

= 

lb. of 

zinc. 




X *26 

= 

>» 

cast iron. 

»> 



X *262 

= 

99 

tin. 


»» 


X *288 

= 

99 

steel. 




X *3 

= 

99 

brass. 

*> 



X *32 

= 

99 

copper. 

V 

»» 

»> 

X *41 

= 

99 

lead. 


A bar of wrought iron 1x1 and 1 yd. long weighs 10 lb. 


Eule for Weight of Pipes. 

D = Outside diameter of pipe in inches. 
d — Inside diameter. 
w = Weight of a lineal foot of pipe in lb. 
to = /: (D2 ~ (P). 
k =r 2 ' 45 for cast iron. 

= 2*64 for wrought iron. 

= 2-82 for brass. 

= 3*03 for copper, 

= 3 * 86 for lead. 
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Table 61. — Mexican Mining Weights. 

1 grano = *7716 gr. 

12 granos = 1 tomin = 9*2592 „ 

6 tomines = 1 oohava = * 12685 oz, 

8 ocliavas = 1 onza = 1 * 0148 „ 

8 oiizas = 1 marco = 8*1184 „ 

The marco is the unit for weighing bullion. 

Mexicans value an ore at so many marcos of silver per carga. 
instead of oz. per ton. 

The carga = 12 arrobas = 304*332 lb. 

To reduce onzas per carga to oz. per ton, multiply by 6 * 078 ; and 
to convert oz. per ton to onzas per carga, multiply by * 165. 

The monton in Zacatecas = 20 quintals = 2000 lb. 

„ „ Guanajato = 3200 „ 

,. „ some places = 3000 „ 

„ „ others = 4 cargas = 1200 „ 


Table 62. — Surveying Measures. 


Circle, diameter 
»» » 

„ area = diameter* 
„ circumference 
Circular inches 
Sphere, diameter* 

„ diameter 

Cylindrical inches 

*f >» 

ft » 

^ feet 

Square, side 

root of acre 
„ inches 

„ feet 
„ yards 

Cubic inches 
„ feet 

»♦ It 

Lineal feet 

»» >t 

„ yards 

>» »t 

„ links 

t» ft 

chains 


X 3 * 1416 = circumference. 

X * 8862 = side of an equal square. 

X *7071 = side of an inscribed square. 

X -7854. 

X *31831 = diameter. 

X 183,346 = 1 sq. ft. 

X *5236 = solidity. 

X * 806 = dimensions of equal cube. 
X *6667 = lengtii of equal cylinder. 

X *0004546= cub. ft. 

X *002832 = gal. 

2200 = 1 cub. ft. 

X *02909 = cub. yd. 

X 1 * 1 28 = diameter of an equal circle, 

X I * 1 2837 = diameter of an equal circle. 

X *00695 = sq. ft. 

X *0000229= acres. 

X *0002066= acres, 

X *00058 = cub. ft. 

X *03704 = cub. yd. 

X *6232 = gal. 

X 1*51515 = Jinks. 

X *00019 = miles. 

X 4*54545 = litiks, 

X *000568 = miles. 

X *66 = ft. 

X *22 as yd. 

X *0125 = miles. 
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Table 62 — continued. 

Lineal miles x 5,280 = ft. 

„ „ X 1,760 =yd. 

„ „ X 80 = chains. 

Acres X 43,560 = sq. ft. 

„ X 4,840 = sq. yd. 

Area of circle = diameter- x *7854. 

„ parallelogram = bane X height. 

„ trapezium : divide into two triangles and find area of each. 
„ trapezoid = height x J the sum of the parallel sides. 

„ triangle = base x J height. 

Latitude (northing or southing) = cos. of angle of bearing X 
distance. 

Departure (easting or westing) = sin. of angle of bearing x distance. 

Level, difference of = sin. of angle of inclination x hypothenuse. 

Horizontal measurement = cos. of angle of inclination x hypothe- 
nuse. 

Inclination, rate of (ratio of base to perpendicular) = cotan. of 
angle of inclination. 

Slope, rate of (ratio of hypothenuse to perpendicular) = co^ec. of 
angle of inclination. 


Table 63 . — Areas of Circles. 


Dkm. 

Area. 

Diam. 

Area. 

Diam. 

Area. 

Diam. 

Area. 

' Diam. 

Area. 

in. 

sq. in. 

in. 

sq. in. 

in. 

sq. in. 

in. 

sq. in. 

in. 

sq. In. 

i 

•012 

^1 

44-17 

20 

.314-16 

321 

829-5 

45 

1590-4 

i 

•049 

8 

60-26 

20i 

330-06 

33 

855-3 

451 

16-25*9 

1 

•no 

«1 

66*74 

21 

346-36 

331 

881-4 

46 

1661-9 


•196 

9 

63*61 

211 

363-05 

34 

907-9 

461 

1698-2 

4 

•441 

91 

70-88 

22 

380-13 

341 

934-8 

47 

1734-9 

1 

•785 

10 

78-54 

22* 

397-60 

35 

962*1 1 

471 

1772-0 

H 

•994 

101 

86-69 

23 

416-47 

35-1 

989-8 

48 

1808*5 

H 

1-227 

11 

9503 

231 : 

433-73 

36 

1017*8 

461 

1847*4 

n 

1-767 

111 

103-87 i 

24 : 

452-39 

' 361 

1046-3 

49 

1886-7 

H 

2-405 

12 

113-10 

241 i 

471-43 

! 37 

1075-2 

491 

1924*4 

2 

3-141 

121 

122*71 

26 

490*8 

371 

1104-4 

60 

1963*5 

2* 

3-976 

13 

132-73 

251 

610-7 

38 

1134-1 

601 

2002-9 

H 

4-908 

131 

143-13 

26 

630 9 

381 

1104-1 

61 

2042-8 

2f 

6-939 

14 

i 153-94 

261 

651-5 

: 39 

1 94-6 

511 

2083*0 

3 

7-06 

141 

165*13 

27 

672-6 

: 391 

1 1225-4 

62 

2123-7 

3i 

8-29 

16 

176-71 

271 

693-9 

40 

125G-6 

621 

2164*7 

31 

9-62 

161 

188-69 

28 

615-7 

401 

1288- *2 

63 

2206*1 

3i 

11*04 

16 

201-06 

281 

637-9 , 

41 

1320-2 

631 

2248*0 

4 

12-56 

16| 

213*82 

29 

660*6 

' 41^ 

1352-6 

64 

2290*2 

41 

15*90 

17 

226-98 i 

291 

683-4 

, 42 

1385-4 

541 

2332*8 

6 

19-63 ! 

in 

240-62 

30 , 

706-8 

421 

14t8-6 

66 

2375*8 

H 

23-76 1 

18 

254*46 

301 ; 

730-6 

i 43 

1462-2 

651 

2419*2 

6 

28-27 i 

181 

268-80 

31 

754-7 

! 431 

1486-1 

56 

2163*0 


33-18 

19 

283-53 

3li 

779-3 

; 44 

1620-6 

561 

2607*1 

7 

38-48 

191 

298 64 

32 

804-2 

i 44-1 

1556-2 

67 

2651 *7 
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PEOSPECTING. 

Those not(‘S refer cliiefly to ^old, but ombrace other metals and 
such gems as a^l^ found in alluvial formations. 

tSt7'ra7ns . — As a rule, those stroanis which cioss the laminations of 
reefs at right angles, or nearly S(), are the riclu st. Gold is found 
very rarely in those parts of streams where the current has been 
the strongest, but generally in the loo or umh r the shelter of pro- 
jecting points of rocks, where beaches arc usually fortned ; and 
wherever such lx aches exist tlicre also may gold be looked for with 
fair chances of success. But the straight courses of streams, 
especially when they cross the laminations of the bod-rock at 
right angles, are also often very rich in gold. As a ride, the gold in 
streams is deposited in tlie erevioes of the bed-rock, whiidi must be 
laid as dry as possible, and picked np to snch depths as the sand 
descends between its laminations. Very rarely is the gold found 
mixed up in the gravel lying in the beds of streams. 

'ferracos . — Terrace yiruspt cting requires more experience, labour, 
perseverance, and, conseituently, more time than creek })ro^pol*ting. 
Terraces are those shelf-like excavations upon the hill-slopes flank- 
ing valleys and lakes, and are the remains of old river-beds; so 
that the rules above laid down for the deposition of gold in streams 
apply also tf» terraces. Sometimes a ridge of rock divides a terrace 
fjx)m the new'er river-channel, but this is not always the case. The 
first thing to do in prospecting a terrace is to discover its inlet, and 
next to find its outlet. Tins found, the ‘‘ wash ** should be carefully 
examined for the prevailing indications of gold peculiar to the 
locality in which the terrace occurs, and also fnr gold. The whole 
width of the cliannclof the terrace from the edge to the high or back 
reef must be carefully prospected, both along the bed-rock and also 
through the whole ilepth of the “ wash,*’ from the surface down ; 
for the terrace “wash,” being often deposited at different geological 
times, not unfrequently contains gohl in layers one above the other. 
'These terraces are very numerous in New Zealand ; and a study of 
the river systems of the present, as well as of the preceding geo- 
logical ages, will assist the prospector greatly in his choice of a 
likely spot where to set in. There is a gtmeral fall in the country 
lying along the main directions of the present streams, which 
indicates the leading course upon which all alluvial gold has been 
deposited, the consideration of which is often a reliable guide to the 
level of terraces which are covered up completely by landslips, or in 
which either the iidet nr the outlet is hid from view. In New 
Zealand large fortunes lie buried in many locations thus hid, : 
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Terraces — continued. 

require a great amount of prospecting to unearth ; so that pros- 
pectors have an extensive field before them in this direction. 

Table-lands , — The gold found at these elevations belongs to a 
difierciit geolo;^dcal age from the gold generally obtained in New 
Zealand. This opinion is supported by tlje nature of the wash in 
which the table-land gold is found, nothing like it being met with 
on lower levels. In looking for new de})osits of this description^ 
the prospector should not be deterred by the elevation of any table- 
land!, for gold in really astoiiisidng quantities has been got at 
Mount Criifel, upwards of 4000 ft., and at Mount Pisa, nearly 
6000 ft. above sea-level. Nor need much attention be paid to the 
“wash” in these places: and, indeed, its total absence does not 
necessarily imply the absence of gold. As a rule, the sinking 
ui)on these table-lands is shallow and easy, and often the gold is 
distributed evenly throughout the body of iho “wash,” or else 
occurs in layers one above the other, as well as upon the bed-rock. 
So 1‘ar as discover(;d, these deposits occur upon mountain-tops 
bordering tlie principal Otago goldfields, rather than upon those 
in their midst, the gtdd being found deposited in a somctwbat 
erratic manner. 

Beach-workings. — Beach- workings may receive a passing notice, 
as the ocean beaches of the Middle Island have contributed con- 
siderable quantities of gold to the total yield of the colony. And 
the same may be said of dredging the larger rivers— an enterprise 
often highly remunerative. Botli descriptions of gold-raising are 
capable of much extension and improvement. (Miller.) 

Vein Outcrops , — Whilst working up the stream, attention must 
be paid to the banks on each side, especially where they show a 
section of the rooks, so that no outcropping vein may be overlooked. 
Should a qnartzose or pyiitous vein be discovered, specimens must 
be broken down for examination. 

As all alluvial gold is the result of the breaking up of auriferous 
veins, an etFort should always be ma<le to trace the former to its 
source. Many valuable reefs have been found in this way. The 
occurrence of “ float,” or stray pieces of quartz, if of a promising 
appeaiance, should be taken as a guide also. Obviously, some 
judgment is necessary in estimating the best direction for search, 
and ill determining the drainage area to whi(di the float belongs. 
Sometimes there may be much difficulty in locating the reef, 
owing to disturbances or lo accumulation of detritus hiding the 
nature of the subjacent rock. A knowledge of the neighlxiuring 
reefs and their gold is tjf great assistance. Where the gold specks 
and pebbles are much worn, they may represent a former riverine 
deposit, or its remains, scattered far from its previous resting-place. 
Where the gold is heavy ami the rock fragments are angular, the 
reef cannot be very far distant. Occasionally there may be a 
distinct feature in all the veins in a district, such as a peculiar 
band of deffned colour, and the recurrence of this indicator should 
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Ferns— con tinued . 

then stimulate search for the accompanying reef. Coarse alluvial 
gold is not always incompatible with fine reef gold as a source, 
because the reef gold may be so fine in general as to lend itself to 
very wide distribution when once liberated, while the rarer coarse 
grains would not be transported far. 

Much intelligent prospecting for auriferous reefs is done by 
“ learning, ” as a preliminary to cutting experimental trenches or 
sinking trial shafts. Loaming, long practised in searching for tin 
in Cornwall, consists in washing surface prospects from the bases 
and slopes of the ranges, until specks of gold or specimens are found 
to be obtainable with tolerable frequt ney within certain limits. 
The prospector then procet^ds to trace the gold up-l)ill to its source, 
narrowing the limits of his work, as by slow and patient search he 
approaches the reef whence the gold has been derived. When he 
finds that he can obtain surface prospects of gold up to a certain 
I)oint or line, but no farther, he then proceeds by means of 
trenching, &c., to search for the reef. As may be imagined, the 
work is one requiring patience, energy, and insensibility to fatigue, 
together with good mem()ry for localitv, as the prospector fre- 
quently has to work along a steep and scrubby mountain side, 
selecting his prospects, numbering them, and placing them in his 
♦‘loam-bag,” noting the localities, and then conveying his samples 
many hundred feet down the ranges to water. If he be fortunate 
in obtaining prospects of gold, he has to find his way buck to the 
spots the samples were taken from, so as to continue his up-hill 
search, and trace the gold to its matrix. lu many new discoveries 
made by means of the above system there was no surface indication 
whatever of the existence of a reef; nothing visible to the eye that 
would have led one passing over the ground to believe that it was 
there, the soil and debris completely concealing its outcrop, until 
by m(‘ans of “ loaming,” the prospector was enable*, d so nearly to 
ascertain its position as to expose it in a trench of not many feet in 
length. 

Prospecting Stamps . — In order to obtain proper samples of the 
vein-stuff for testing, it is necessary to reduce it to a line state of 
subdivision, such as is ordinarily accomplished in the stamp battery. 

A primitive yet efficient apparatus for this purpose, and such as 
may be erected by the prospector himself without the aid of much 
en^neering skill, is shown in Fig. 9, and goes by the name of a 
“ dolly.” On the end of a solid log a, fixed in tlie ground and 
standing about 4 ft. Idgh, is cu. a square hole 6, about 6 in. across, 
in which are firmly fitted wTought-iron bars about J in. apart, J in. 
tbiok and 8 in. deep, made thinner beneath, so that whatever 
enters above will fall through. A wooden box c is placed round 
this to keep the ore from jumping away. A square block of 
wood d, about 3 or 4 ft. long, shod with wrought iron, and small 
enough at the lower end to work in the box, forms the stamper. It 
Is hung ou the end of a long pole the spring of which keeps it on 
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5'^amps— continued. 

the swing without too much labour. It is worked by laying hold 
with the hands of a wooden pin / on each side of the stamper* and 
pulling it down* its own rebound and the spring of the pole taking 


Fig. 9. 



it up again. The iron bars might be replaced by an old stamp die. 
The gold is caught on the table g, which is covered with 
amalgamated copper plate or blanket. 
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Table ^4. — Pbospectinq ; Boring^ 

Cost, of some trial borings for ironstone iti the Barrow district, 
made with tlie aid of a steam winch and free-fulling tool ; — 


Depth 
of Hole. 

Diameter 
of Hole. 

Cost 
per yd. 

Cost <)f 
Ijabour alone. 

Time 

occupied. 

yd. 

in. 

*. d. 

£ s. 

d. 

weeks 

126 

6 to 2 

7 101 

49 10 

0 

16 

124* 


9 7 

69 8 

0 

18 

50 

•t 

9 lOi 

24 16 

0 

74 

63 


9 5 

29 14 

0 

9 

76J 


6 Of 

23 2 

0 

7 1 

8a 

II 

8 3 

36 6 

0 1 

11 1 

48 

11 

11 0 

26 8 

0 

8 


• The strata paaaed through in this hole wore as follows, proceeding from tlie 
surface downwards: — 45 ft. pinder, 75 ft. red sand, 3 ft. wliite sand, 30 ft. red sand 
mixed with clay, 150 ft red sand, 30 ft. red and white sand, G it white sjmd, 6 ft. 
shale, 4 ft ore, 6 ft. clay, 1 ft. ore, 2 it. stone, 0 it. ore, 2 ft. black shale, 3 it. stone 
— total, 372 ft. 


Tablo 65. — Approximate cost per set of boring tools, including 
rigger, rope, and ordinary shear logs, and windlass for depths of 
300 ft, and upwards : — 


£ 


To bore 30 ft. . . 

. .. 20 

To bore 250 ft 

75 

50 „ .. 

. .. 36 

„ 500 „ .. .. 

120 

„ 100 „ .. 

. .. 45 

„ 500 „ .... 

155 

„ 150 „ .. 

. .. 58 

„ 800 to lOOOft... 

1U5 

„ 200 „ . . 

. .. 70 
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TOOLS. 

Tools: Pious. 

Holing pick, S. Wales : head straight, length 18 in. ; helve, 33J in. 
lon^r; weight, 3^ lb. 

Cutting pick, S. Wales : head straight, length 17 in. ; helve, 20J in. 
long ; weiglit-, 2 lb. 14 oz. 

Bottom pick, S. Wales: head, 21 J in. long; helve, 30J in. long; 
weight, 3 lb. 3 oz. 

Stone pick; head, 24 in. long; helve, 80J in. long; weight, 
9 lb. 5 oz. 

Holing pick, N. Wales: head, 18 in. long; helve, 28 in. long; 
weight, 2 lb. 10 oz. 

Heading pick, N. Wales: head, lOJ in. long; helve, 27i in. long; 
weight, 3 lb. 

Driving pick: head, 17J in. long; helve, 27J in. long; weight, 
3 Ih. 10 oz. 

Coal pick, N. England: head, 17J in. long; helve, 32 in. long ; 
weight, 4 lb. 5 oz. 

Coal pick, N. England: head, 18 in. long; helve, 32 in. long, 
angle weight, 4 lb. 5 oz. 

Stone j)ick, N. England : head, 19|-23 in. long ; helve, 30 in. long ; 
weight 7-8 lb. 

Poll pick, Cornwall: pick end 12J in. long, poll end 3 in. long, 
eye 2*2 in. long, width over eye 3* 1 in., width of poll end 1-2 in., 
width of pick end 1*1 in., tbicknesM of poll end 1*2 in., thickness 
of pick end 1*1 in. : helve, 2G in. long, set at 85°; weight, 8i lb. 

Slitter pick; head, 15*7 in. long; handle, 29 in. long; weight, 
3 lb. 10 oz. 

Drifting pick, California : weight, 3J-4 lb. 

Poll pick, California : head, IGJ in. long; weight, 5 lb. 

Helves, Is. 6d. each. Heads, 8d. to 9d. per lb. 

Tools: Shovels. 

Gravel shovel: plate, 10 in. wide, mouth pointing; handle, 30 in. 
long, Set at angle of 150°. Cost (10-12 in. wide), 25-358. a doz. ; 
st« cl, 60-70s. 

Frying-iian filling shovel : plate nearly circular, 14 in. wide, 16 in. 
long ; handle, 24 in. long, set at 142°; weight, 7 lb. 14 oz. Cost, 
35-488. a doz. 

Round-mouthed filling shovel : plate 16 in. wide, 15 in. long ; 
handle, 23 in. long, set at 147°; weight, 7 lb. 14 oz. Cost, 
35-4 8s. a doz ; steel, 45-608. 

Sinking shovel : pointed plate, 11} in. by 14 in. ; handle, 23 in. 
long. 
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Tools ; Wedges, 

Coal wedge, S. Wales : length, 13J in. ; central section, breadth 
IJ in., thickness J in.; striking face, breadth IJ in., thickness 
1 in. ; weight 3 lb. 14 oz. 

Coal wedge, N. Wnles: length llj in. ; greatest section, breadth 
1 j in., thickness I in . ; weight 3 lb. 9 oz. 

Coal wedge, N. England: length 12 in. greatest section. 

Tools : Hanmicrs, 

Sledjes . — Eye generally oval. Weight of head 5-10 lb., most 
commonly 7 lb. Length of helve 20-30 in., usually 24 in. for 
blasting, 28 in. for wedge-driving. For coal wedging, the head is 
generally 12 in. long and in. max. diam., tapering to 1 J in. 

South Wales blasting sledge: liead, 8j in. long, helve 27 in. ; 
total weight 7 lb. North Wales ditto : head 7J in. long, helve 22 in. ; 
weight lb. North of England sledge; head 5 in. long, helve 
24J in. ; weight under 5 lb. 

Hand hammers usually have a head weighing about 3 lb., and a 
helve 10 in. hmg. 

Tools : Hrills. 

The edge of the drill may he straight, as in the flat chisel for 
deep drilling, or slightly curved. The straight edge cuts its way 
iomewhat niore freely than the curved, but it is weaker at the 
corners than the curved, a circumstance which renders it less suit- 
able for very hard rock. It is also sligldly more diflicult to forge. 
The width of tlie bit varies, acconling to the width required, from 
1 to2J in. The stock is octagonal in section, and is made in lengths 
varying from 20 to 42 in. The shorter the stock, the more effec- 
tively does it transmit the blow, and therefore it is made as short 
as possible : for this reason several lengths are employed in drilling 
a blast-hole, the shortest being used at the commencement of the 
hole, a longer one to continue the depth, and a still longer one, 
sometimes, to compleb? it. To ensure the longer drills working 
fr{‘ely in the hole, the width of the bit should be very slightly 
reduced iu each length. The diameter of the stock is less than 
the width of the bit ; this difference may be greater in coal drills 
than in rock or “ stone” drills; a common difference in the latter 
is ” in. for the smaller sizes, and J-f in. for the longer. The fol- 
lowing proportions may be taken as the average adopted : — 


Width of 

Diuliieter of 

Width of 

Diameter of 

the Bit. 

the iStock. { 

the Bit. 

the Stock. 

1 n 

.... i in. 1 

H in 

. . . . 14 in. 



.. .. Im 

2 „ .... 

.. .. If,, 

li 

.. ..4 m I 

24 „ ., .. 

.. .. H.. 


.. .. 1 ,, ! 

2i„ .. .. 

.. .. If „ 


The striking face of the drill should be flat. The diameter of 
the face is less than tl)at of the stock in all but the smallest sizes, 
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Drills — continued. 

the difference being made by drawing in the striking end. The 
amount of reduction is greater tor the larger diameters, that of the 
striking face being rarely more than J in. 


Tools: Hand-drilling Geirs, 

A set of single coal-blasting gear will include a drill, 22 in. long, 
with cutting edge straight and IJ in. wide, and weight 2J lb. ; 
anotlier drill, 42 in. long, with strai>;ht cutting edge ly^ in. wide, 
weight 4 lb. 10 oz. : tlie hammer weighs 2 lb. 14 oz. ; length of 
head 4J in., and tlmt of liandle 7f in. A single-hand stone set 
includes shorter drill, 22 in. long, cutting edge strongly curved, 
and IJ in. wide, and weight 3 lb. 10 oz. ; longer drill, 36 in. long, 
cutting exlge in. wide, and curved as in the shorter drill, and 
weight 6 lb. 5 oz. ; hammer weighs 3 lb. 6 oz. ; length of head 5 in., 
and that of handle 10 in. A double-hand strme set comprises first 
or shoi*te8t drill, 18 in. long. If in. wide on the cutting edge, and 
weighs 4i lb. ; second drill, 27 in. long, lix in. wide on the cutting 
edge, and weighs 6 lb. ; third, or longest drill, 40 in. long, 1® in. 
wide on the cutting edge, and weighs 9J lb. ; the cutting edges of 
all these drills are strongly curved. Sledge weighs about 5 lb. 
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DRILLING. 

Ckurn-dnllhiif, — A rliurii-dril](‘r will drill, in ordinMry bar-1 rock, 
8-12 i’t. 2-iri. holes of 2';) It. depth per djiy, and at a cost of 
per ft., on a basis of ordinary labour at 4s. per day, drillers 
receiving lOs. 

One man can d)ore, with a bit 1 in. diameter, 50-100 in. per day 
of 10 hours in granite, or HOO- lOO im per day in limestone. 

Tiwiphui . — Two strikers and a holder can bore, with a bit 2 in. 
diameter, 10 ft. a day in rock of medium hardness. 

Composition for waterproof cdiarger or fuse consists by weight of 
pitch 8 parts, beeswax and tallow each 1 part. (Iluswoll.) 


: l\’r<:ussine and flotarif compared. 

In Table 64 is a statement of the work done each week in a 
three months* trial at North Sktdtou mines of percussive and rotary 
drills, to compare the capabilities of ilii^ two systenns. 

The work done by the perenssivo drill is represented by the smaller 
figures, and the work done by the rotary drill by the larger ones. 
When the trial commenced, the men working the rotary drill were 
strange to the mode of working the North Skelton stone, and did 
not therefore get on at all well for the first few weeks. 

The yield for a set of 15 or 16 lioles, })ut in in a wide place, 
varies from 22 to 34 wagons of stone. The yield for the same 
number of holes in a narrow place varies from 13 to 26 wagons of 
stone. Each wagon carries 30 cwt. ; and if the figures showing 
the percentage of wide and narrow places drilled by each mucdiino 
are noted, it will be seen that a greater percentage of narrow places 
have been drill('d by the rotary drill than by the percussive, which 
(as compared with working the larger (pniiitity from wide places) 
reduces the yield of stone per hole, and iucrc'ases the cost of powder 
per ton. 

If the results obtained during the first four weeks of the trial 
.are carefully compared with tho.se obtaine<l during the last four 
weeks, the figures will, in these respects, speak for themselves. 
Turning to the cost of repa rs during this trial, the percussive 
drill cost over 6/., whilst the rotary was under 5s. ; in fact, the 
difference between the value of the wiping hay used for cleaning 
the holes out in the case of the percussive and that needed by the 
rotaiy, would more than coverall the re})airs required by the latter. 
There is a wide difference to the men between the workir)g of these 
two classes of drills. In the percussive cLiss, there is twice as 
much hard work required from the men as ia the rotary, and in 
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Percussive and Rotary — continued. 

point of comfort there is no comparison, the machinery in the rotary 
case doing all the work, and the men are kept quite dry ; but in 
attending to the percussive, they are working very wet during the 
whole sliift, and have to do much more laborious work in the fixing 
of the drill in each place, as well as during its general working. 
Tiie water needed for drilling witli the percussive drills has to be 
led out of the places going to the dip, and in all the places the 
state of the roads is made very disagreeable and objectionable for 
the men and horses travelling upon them. In the use of the per- 
cussive drills, a second costly main of pipes, with all necessary 
connections and cocks for conveying the water under a heavy 
pressure into every place, has to be Y>rovided and kept in order, 
involving double coat in both pipes ami skilled labour. 

Since the date of this comj>etitivo trial, fiirtlier improvements 
have been added to the rotary drill, by which a 4-ft. hole can be 
put in with 1000 revolutions less of the (mglnes, and the holes 
cleaned of the small drillings, thus saving a considerable amount 
of skilled labour, reducing tlio consumption of the compressed air 
and the wear and tear on tlie drilling machine by 71 per cent. 

Both the inacddnes here referred to have been continued at work 
at North Skelton every day, and (working two shifts) the rotary is 
now daily averaging ^124 tons of stone, wliilst the quantity from 
the percussive is not much more than one-lhird of this. 

At the St. Andreasberg silver mmeB in the Harz, rock drills 
worked by compressed air have K cently b(!en introduced. The 
air compressor is i)laced underground, and is driven by a Girard 
turbine. The special point of interest in connection with this 
installation is the regulator, which consists of an air reservoir hewn 
in the solid rock. By the employment of power drills, it is found 
that in driving levels tliere is a saving in cost of 58 2 per cent., 
whilst 4 04 times as much work is done as that accomplished by 
manual labour. The cost of stoping by hand was IGs. as compared 
witli 8«. 6d. by machine per cub. metre of ore won. In the case of 
shaft sinking, the cost with machine, inclusive of explosives, was 
4/. i>er running metre, as compared with IL lOs. with manual 
labour. 


Electric Miuinj Drills. 

The transmission of power by electricity offers special advantages 
in the ca«e of movable machines such as drills. This is mainly 
due to the fact that the power is conveyed by means of small, flex- 
ible, stationary wires or cables, which are capable of almost intinite 
extension, which may bo buried underground, hung on the sides or 
roof, coiled on a drum, built at any angle, or moved from place to 
place, without in any way interfering with the working of the 
machinery ; nor are the machines themselves less easily managed 
than the cables which transmit the power to them. 

Probably no firm has done more to render electric mining 
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Electric Z>r continued. 

machinery a practical working success than W. T. Goolden and 
Co., of London, and the following examples are therefore chosen 
from among their many mining machines to show the advances 
made in this direction. GooLlen’s drilling machines are of three 
classes : 

(1) Rotary borers for coni or comparatively soft shnle or stone. 

(2) liight percussion drills for small holes in soft material. 

(3) Powerful perciission drills for larger holes in hard rocks. 

Class (1) is suitable for drilling shot-holes in coal and similar 
material, and in fact is to replace the hand-borers now frequently 
used. In this machine tlie small electric motor is mounted on the 
base of the machine which forms the trolley on which it is moved 
from place to place. It is of the usual “ Goolden mining type, all 
parts being cumpletcdy inclosed in dirt-, damp-, and gas-tight cases, 
BO that it can be used if required in presence of explosive mixtures 
of gases, without any fear of a spark causing an explosion. This 
motor drives a vertical shaft, which in turn drives the drill. The 
vertical shaft has a feather* way cut in it thoughout its length, so 
tiiat the drill motion can be raised or lowered and fixed at any 
desired height on a tubular column provided ft>r this purpose. By 
means of a simple arrangement of the gearing, the drill may be set 
to bore in any direction, that is at any inclination tirher to the 
horizontal or vertical phincs, so that it may be said to h'a perfectly 
universal. It is fuither fitted with a variable feed motion, so that 
by the adjustment of a screw the rate of feed may be varied while 
the machine is workiug to any desired extent, thus allowing ti e 
machine to be worked all tlie time at its full power without fear of 
straining any part. 'J'he whole of the gearing is completely 
inolowtd in dirt-tight cases to protect it from wear or damage from 
falling stone or debris^ and in every way tlie machine is designed 
to meet the rough usage of ordinary mining x>ractice. In using the 
machine, it may be cither lifted from its carriage and allowed to 
stand on the base of tlie column, being clamped against the roof or 
timbers by means of a screw at the top of the column, or it may be 
left on the trolley and simply clamped in position as it stands, 
according to circumstances. The cable for use with this machine 
is a small “ twin or “ concentric,” one which may be rolled on 
a drum or coil or simply pulled after the machine as it is moved 
from i>luoe to place. 

Class (2) is a small 1 to 2 H.P. percussion drill giving 100 to 
200 blows per minute, and suitable for drilling holes up to 1 in. 
diam. iu moderately hard stone. In this machine, for ease of trans- 
port, the motor and drill are made quite separate. The motor is 
an ordinary “ Goolden” mining motor, and is mounted on a small 
trolley so that it can be easily moved, and is quite comidete in 
itself, with all the necessary appliances for starting and stopping. 
The drill is also distinct, and much resembles some of the well 



120 


DfiiLUNa. 


Ekctric X>n7/s~contimiccI. 

known hand-power jicrcussion drills; it is light but strong, port- 
able but substantial, and well calculated to stand rough hand- 
ling by inexperienced men. It is provided with an efficient auto- 
matic leed motion, so that it follows its work with little attention, 
and is rendily set to drill in any direction or at any height. The 
power is conveyed from the motor to the drill, first through a pair 
of strong spur gear, in which the pinion is made of a composition of 
vulcanised fibre and iron, to niak(3 it run silently, and then by 
means of a length of flexible shafting to the drill. By this means 
the drill may, within wide limits, he set at any distance from or at 
any angle to the motor, without in any way intcrfeiing with tlie 
working of the machinery. 

Class (3) is a large 5-10 H.P. reciprocating drill for drilling 
holes up to 2^ in. diam. in the hardest rocks, and is capable of 
giving GOO-lOiiO blows per minute. This drill consists of a strong 
iron cylinder, resembling the cylinder of an air drill, in whicli are 
inclosed all the ehictiical and reciprocating parts. This cylinder 
is mounted on the usual sliding carriage fitted with a screw feed- 
motion. 'rbe drill is essentially simple in construction, and as it 
contuins no moving electrical parts or ooniu'ctions, is entirely free 
from the objections sometimes met with in this class ef machinery 
arising from the delicate nature of these contacts. In fact as the 
only moving part consists of the piston and piston-rod, and as there 
is no valve gear, there is less to get out of order than in the ordi- 
nary steam drill, while account of the great(*r number of blow^s 
obtainable, more work can be done with this drill than with any 
other form of machine. The drill is mounted on a variety of forms 
of carriages or pillars to suit diffi'rcnt classes of work, and is 
eminently suited for all classes of quarrying and mining use, 
wliilo at the same times, on account of tins small size of concentric 
cable required for transmitting po>\er to it, it cun be very readily 
moved from part to part of a mine as required. 


Book DHlling BlanU 

The following informalion concerning the well-known patent 
Adelaide Rock-drills, has been obligingly eonlributtsd by the sole 
manufacturers, Oommuns & Co., 52, Gracecliurch Street, Loudon, 
E.C. 


Table 67 . — Cost of Drills. 

Size 21 in. Sin. 3i in. 3i in. 4 in. diam. of cylinder.' 
Price 36/. 40/. 44/. 47/. 56/. 
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Table 68. — Cost of Accessories. £ g ^ 

Stretcher bar and steel clamp 812 0 

Tripod and weights 13 15 0 

50 ft. leuf^th of hose with brass fittings complete 7 8 0 
Finished steel tools, be.>t quality, in assorhull 4 in q 

lengths and sizes, per ewt. j 

1 set of swages for sharpening tools 1 10 0 

Tunnelling carriage, complete, for 4 drills 100/. 

,, ,, ,, 2 „ 80Z, 

2^ in. and 3 in. di»iineter drills are best suited for ordinary 
quarry work where tripods are employed. 

in. and 3.} in. diameter drills are usually used for mine 
purposes. 

4 in. diameter drills for h« avy tunnelling work, to bore holes of 
large diameter. 

A complete mining plant (c. g. G drills) would (consist of the 
following items, viz.: — 

6 3.J-in. drills, complete. 

6 stretcher bars with steel clam})s. 

6 hO-ft. lengths of covered hose with all necessary brass con- 
nections. 

6 sets of best finished steel tools, in assorted lengths and sizes. 
1 set of swages for sharpening tools. 

1 complement of spare wen ring ])arts. 

1 18-in. direct- acting air compressor, with steam cylinder 
complet(5. 

1 air-re(ieiver, fitted with safety valve, blow-off cock, &c. 

1 30 H.l\ nom. boiler, c >mpl(Me, with donkey pump. 
Connections bcdween boiba* and .steam cylinders and betw'cen air 
cylinder and reccdver. 

Wrought iron air piping for conveying the compressed air to 
the machines. 

A complete plant ns above, for G drilhy 3 in. or 3J in., would cost 
approxiniiitely 1300/. to 1400Z. 

A coniplet(; plant as above for 4 (Irilh, 3 in. or 3J in., would cost 
approximately 8OOZ. to 900/. 

A small plant of say 2 3-in. drills, with 10-in. air compressor 
and 8 io 10 H.P. boiler would cost about 500Z. to 600/. 

Us(ftil Notes on Drilling. 

Supplied by Commans & Co., 52, Gracechurch Street, London. 
The amount of air at receiver pt'essnrc required per drill per 
minute when working at normal speed is about : — 

Size of Drill 2^ in. 3 in. 3J- in. 3i in. 4 in. 

Cubic ft. 8*5 12 14 16 5 21*5 

For the pnriwse of calculating the size of compressor, it is, how- 
ever, well to assume a somewhat larger amount of air per drill th&n 
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given above, as often, owing to loss due to clearance, heat and 
leakage, the actual amount of air discharged from an ordinary 
compressor with i)oppet valves is 25 per cent, less than the theo- 
retical amount. 

Safe figures are : — 

Size of Drill 2i in. Sin. 3J in. in. 4 in. 

Ou})ic fr. lb 15 17 20 25 

With the best compressors, the loss of efficit ncy ought not to be 
more than 10 per cent. It is false economy to employ too small a 
compressor. Win re a luiniber of drills have to be driven, an 
allowance might be made, which could not be done in the case of a 
comprcjssor to drive only two machines. 

An efiective air piessunj of 50-75 lb. per sq. in. is usually 
employi.-d for working drills. The lower pressures are used fur 
drills employed on soft rock, and fur maeliines which do not work 
expansively, using th<j full air pressure thrtmghout the stroke. 
'I’here is no economy in working with air at too low a pressure. 
The only limit to the pressure is tin? point when the tool gets too 
quickly blunted ; the cost of the men to run the drill is a consider- 
ably greater item than lliat of compressing the air. 

The air should Ini drawn from outside tlie engine room, and from 
as Cf)ol a place ns possible. 

Wlieri air is compressed to more than one or two atmospheres, 
the temperature rises rapidly, nece ssitating the cylinder being 
water jacketed. Jnjectiou of water into the cylinder, although it 
cools the air more rapidly, is not to be recommended, as it soon 
rusts the walls of the cylinder, permits only of a slow speed of 
pistou, ami produces moist air, which often causes a fjeezing-tip of 
the exhaust ports of the drills. The cotding not only effects a 
saving in power required for compressing, but prevents decomposi- 
tion of the oil, and peTmits proper lubrication by keeping the 
cylinder and glands cool. The piston speed of ordinary compressors 
usually varies from 250 ft. to 400 ft. per minute, according to the 
size of the compressor. 

A good fly whe(d should be employed, more especially in direct 
acting compressors, to ensure steady miming, and to equalise the 
differencci between the steam pressure and air resistance. 

Nulfi , — Assuming the temperature to remain constant, and that 
compression is carried on isnthermally, the absolute pressures (the 
total pressures above a vacuum) at any two j^oiiits of the stroke 
are, according to Boyle’s or Murriotte’s Law, inversely proportional 
to the volumes at these points, so that if 

P = the oiigiual pressure. 

„ new 

V = „ original volume. 

V^= „ new „ 

F ; P = V : Y\ 
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Useful Notes — coiitinuod. 

Ex. 1. — What vol. will 100 cub. ft. of atmospheric air (which at 
the sea level averages about 15 lb. sq. in.) occupy, when com- 
pressed to 60 lb. or 4 atmosj)heres effective pressure (5 atmospheres 
absolute) ? 


15 X 100 
60 -t 15 


= 20 cub. ft., 


or J of the original volume. So that approximately the volume 
of compressed air is equal to the original volume ilivided by the 
number of atmospheres (absolute) to which it has been compressed. 


E.C. 2. — Required the size of compressor to supply air at 60 lb. 
(iflfoctive pressure to work two 3-in. drills. 

Air required per minute : — 

15 X 2 = 30 cub. ft. at 60 lb., 

or, 30 X 5 = 150 „ of free air at atmospheric pressure would 

be required per minute to work both tirills simultaneously. 

Taking the piston speed at 300 ft. per minute: — 

Area of cylinder x 300 = 150 
150 

= 300 = *1- 

which represents a cylinder diameter of OJ in., to which the nearest 
sized compressor would b ‘ 10 in. diameter. 

A smaller plant than a 10-in. comnressor and two drills is very 
seldom einploycd, and would not be economical. 


Ex. 3. — Required the size of compressor to supply air at 60 lb. 
effective pressure to work six 3J-iu. drills. 

Air required per minute : — 

20 X 6 = 120 cub. ft. at 60 lb. pressure, 
or, 120 X 5 = 600 „ of free air at atmospheric pressure. 

Assuming a piston speed of 350 ft. per minute : — 

Area of cylinder x 350 = 600 

„ „ = 35 ^ sq. ft. = 247 sq. iu., 

which represents a cylindiu* of 17f in. diameter, the neanjst sized 
compressor to which would be an 18-in. It would be possible to 
drive the 6 drills with a 16-in. compressor riiuuing a little faster, 
and taking into consideration that seldom more than 5 drills would 
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Useful Notes — contiuuecl. 

b© working at one time; on the other hand it would be more 
economical, and better in the long run, to employ an 18-in. 
compressor. 

Compressors for Mountainous Districts. — As the density of the 
atmosphere decreases witli the heijrht arbovc the sea level, allowance 
must be made for this when calculating a compressor plant to work 
at a high altitude. Taking the efficiency at the sea-level to be 
100, th(i decrease in efficiency is approximately 3 per cent, for 
every 1000 ft. above the sea level. 

Air liGoeivcrs. — Those are itiserted between the compressing engine 
and the machines to be driven, in order to keep as far as possible 
a Btea<ly working pressure, and allow the air to flow through the 
mains with a uniform velocity. 

If the air has to be carried a very long-distance, it is advan- 
tageous to employ two receivcirs, one close to the compi'ossor, the 
otlier near the point where the power is being taken off. By this 
means a steady flow of air tlirough the pipes is secured, and the 
friction is tlicreby considerably r(!duce<l. 

No hard and fast rule can he given for the size of receivers; the 
larger tin y are witliiii reason tlie better. For a single cylinder 
compressor the receiver should, for example, be larger than for a 
compressor of 2 or more cylinders. An allowance of not less than 
10 cnib. ft. per drill should be made. It will suffice if the volume 
of the receiver has a capacity of about double the volume of air 
dischaiged from the compressor. 

Air Main ^. — Care should bo taken wlien designing a plant to 
make the mains of ample size, so as not to throttle the air, and 
where possible to avoid angles and bends. 

Wrought or cast iron flanged pipes are best for carrying the air 
into the mine; ordinary steam piping can bo used for the dis- 
tribuCiun of the air underground. 

The loss of pressure is proportional to the length of the pipe and 
the square of the velocity. 

A fair velocity to assume is 25-30 ft. per second, so that for 
example the size of main for an 18-in. compressor delivering t-onie 
120 cub. ft. per minute \Yould be : — 

or a diameter of pipe about 3J in. 

N.B. — Further information will he found on p. 378. 
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Table (>9. — ^ItV Compressors. 


Diameter of air cylinder . . 

10 in. 

12 it). 

i 14 in. 

i 

16 in. 

1 

i IH in. 

20 in. 

Piston speed 300 ft. per minute. 

Theoretical volume of air 







entoriiu? cylinder, in 







cub. ft. per min . . . . [ 

16 j I 

235 

321 

420 

531 

655 

Actual volume taken, 25‘»/o 

1 






less, in cub. ft 

124 1 

177 

241 

315 

390 

492 

Volume of air doUverecl at 







60 lb., in cub. ft 

21-8 1 

35*4 

4.S-2 


79-8 

98 4 

Volume of air delivered at 

1 






7u lb., in cub. ft 

21-8 1 

31*2 

42-5 ! 

55*5 

70*4 1 

80*8 


Piifton speed 350 ft. p;T minute. 


Tliooretical volume of air 







entering cylinder, in 
cub. ft. per min 

192 

273 

372 

4^7 1 

616 

764 

Actual volume taken, 2r)7<* 







less, in cub. ft • 

144 

205 

279 i 

3GC 1 

402 

573 

Volume of air delivered at j 

60 lb., in cub. ft j 

Volume of air delivered at j 

28 • 8 

41-0 

55-8 

73-2 ' 

92-4 

114-6 

70 lb. in cub. ft 

25*4 

30-1 

49 2 

61*5 1 

81‘5 

101-1 


Piston speed 400 ft. per minute. 



Theoretical volume of air 

I 1 






entering cylinder, in 
cub. ft. i>er min 

! 220 

313 

428 

560 

! 708 

873 

Actual volume taken, 257o 






less, in tub. ft. per min. 
Volume of air deliviTcd at 

165 

235 

321 

420 

; 631 

1 

655 

60 11)., in cub. ft 

Volume of air delivered at 

33 

47 

64-2 

84 

1 106-2 

131 

70 lb., in cub. ft 

29-1 1 

1 

1 41-4 

1 

56-4 

74*1 

93-6 

116-6 

Number of 3--in. drills the 


1 





compressor will drive. . 
Number of 3.* in. drills the 

2 

4 

i 

6 to S i 

I 8 to 10 

10 to 12 

1 14 to 16 

compres.*ior will drive . . 

1 1 to 2 

1 2 to 3 

4 to 5 

5 to 6 

6 to 8 

! 10 to 12 

Nominal H.P 

Size of receiver, diameter 

8 

j 12 

18 

1 25 

j 30 

40 

and lengths 

1 3 X 6 ft. 3 X 8 ft. 

1 3i X 8 ft. 

3^ X 10 ft 

4X12 ft. 44 X 15 ft. 

Diameter of air main 

2 in. 

2.^ in. 

i 3 in. 

3^ in. 

! 4 in. 

i 6 in. 

Price of compressors with 







ordin«ry poppet valve, £ 
Price of high class com- 

184 

226 

289 

334 

397 

492 

pressor with patent 
valves £ 

276 

340 

434 

500 

592 

738 

Ditto, receiver ., £ 

20 

30 

35 

45 1 

55 

65 

,, boiler .. .. £ 

100 

125 

175 

220 

260 

350 

„ donkey pump £ 

,, ordinary connoc- 

15 

18 

i 

20 

25 

25 

30 

iious .. .. £ 

10 

12 

15 

20 

20 

25 
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BLASTING. 

In blasting, rock requires from *25-1 *5 lb. gunpowder per cub. 
yd., according to its degree of hardness and position. In small 
blasts 2 cub. yd. liave been rent and loosened, and in very large 
blasts 2-4 cub. yd. have been rent and loosened, by 1 lb. powder. 

Tunnels and shafts require 1 ‘5-2 lb. per cub. yd. of rock. 

Gunpowder has an explosive force varying from 40,000 to 90,0001b. 
per sq. in. That used for blasting is much inferior to that used 
for projectiles, the propoi tioii being fully one-third less. 

Nitro-f/lycerine is an unctuous liquid, which explodes by con- 
cussion, an extreme pressure (2000 lb. per sq. in.), or a tempera- 
ture exceeding 600° if quickly applied to it ; it will inflame, how- 
ever, and burn gradually. 

At a temperature below 10° it solidifies ii}^ crystals. 

Its explosion is so instantaneous that in rock-blsisting tamping is 
not necessary ; its explosive power by weight is 4-5 times that of 
gunpowder. 

Dynamite is nitro- glycerine 75 i)arts, absorbed in 25 parts of a 
siliceous earth termed kieselguhr; it also explodes so instan- 
taneously as to render tamping in blasting quite unneces-ary. 

It is insoluble in water, nncl may be used in w^et holes; it con- 
geals at 40°, is rendered ineff(‘ctive at 212°, and has an explosive 
force by weight of 3 times that of gunpowder, and by bulk 4*25 
times. 

Gun-cotton is insoluble in water, and has an explosive force by 
weight of 2*75-3 times that of gunpowder, and by bulk 2*5 times. 
It may be detonated in a wet state with a snjall quantity of dry 
material. 

Tonite is nitrated gun-cotton, and is known also as cotton 
powder. It is produced in cartridge form. 

lAtho-fractenr is a nitro-glycerine compound in which a portion 
of the base or absorbent material is made explosive by the admix- 
ture therein of nitrate of baryta and charcoal. 

Crllulose Dynamite is wlnm gun-cotton is used os the absorbent 
for nitro-glyceiiue ; it will explode frozen dynamite, and is more 
sensitive to percussion than it. 


To Compute Charyc of Gunpowder for Hock Blasting. 

• Rule . — Divide cube of line of h;ast resistance by 25 as for lime- 
stone, to 32 for granite, and quotient will give charge of powder 

O"’ L* -4- 32= lb. 


Example . — When line of least rcjsistance is 6 ft., what is charge 
required? 6» -4- 32 = 6 75 lb. 

Line of least resistance should not exceed • 5 depth of hole. 
Tamping , — Dried clay is the most effective of all materials for 
tamping ; broken brick the next, and loose sand the least. 



Blabtino. 


127 


Table 70. — Weight of Explosive Materials in Holes of different 
Diameters pei' inch of Length, 


Diameter. 

Powder or ] 
Guncotton. 

T) 3 'namite. 

Diameter. 

Powder or 
Guncotton, j 

Dynamite. 

in. 

oz. 

02. 

in. 

02. 

oz. 

1 

•419 

•67 

2-25 

2-12 

3-392 

1*25 

•654 

1-046 

2-5 

2-618 

4-189 

1*6 

•942 

1 -507 

2-75 ! 

3*166 

5*066 

1-75 

1^283 

2-053 

3 

3-769 

6*03 

2 

1*675 

2-68 





Table 71. — Boi'mj Holes in Granite. 


Diameter 
of Jumper. 

Depth of Hole. 

Men. 

Depth hore<i 
per Day. 

j Hammer. 

in. 

in. 

No. 

ft. 

lb. 

1 

1 to 2 

1 

8 

6 

1*76 

2-5 to 6 

3 

12 

14 

2 

4 to 7 

3 

8 

14 

2-26 

6 to 10 

3 

6 

18 

2-6 

9 to 12 

3 

5 1 

16 

3 

9 to 15 

3 

4 

18 


Drill . — Width of bit compared to stock, *625. 


Charges of Powder. 

Usual practice of charging to one- third depth of hole is erroneous, 
inasmuct as volume of charge increases as square of diameter of 
hole. Ifence holes of 1*5 and 2 in., although of equal depths, 
would require charges in proportion of 2 * 25 and 4. 


Line of Leobt 
Resistance. 

Powder. 

Line of Least 
Resistance. 

Powder. 

ft. 

lb. oz, ^ 

ft. 

lb. oz. 

1 

0 0*75 

5 

3 14-6 

2 

0 4 , 

6 

6 12 


0 13*6 

7 

10 11*5 


2 0 j 

8 

16 0 
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Effects, 

Gunpowder^ from its griidiial cuinbustion, rends and projects 
lather than siiatters. 

A hole r>*5 in. diameter and 19 ft. 7 in. deep, filled to 8 ft. 10 in. 
with 75 lb. powder, has removed and rent 1200 cub. yd., equal to 
2400 tons. The lalK)ur exp< nded was that of 3 men lor 14 days. 

Temperature of gnses of explosion 4000°. 

Gnri’-cotton, from the rapidity of its combustion, sliatttrs. 

lJym!imtCy from the greater rai)idity of its combustion over gun- 
cotton, is more shattering in its exp)losion. 

In small blasts 1 lb. powder will loosen about 4J tons. In large 
blasts 1 lb. powder will loosen about tons. 

One man can bore 50-100 in. per day in granite, or 300 to 400 
in. per day in lime.4one. 

In small charges of dynamite, weak caps seem to develop the 
full strength of the cxplosivti; but in large charges stronger caps 
are necessary. (Jnn cotton and gelatine dynamite require much 
stronger caps than those ordinarily used fcT dynamite. Onii cotton 
seems to produce a more rending explosion than dynamite. The 
statiunent made on good authority that black powder fired with a 
detonator is much more powerful than when fired by fuse alone, 
has been disproved. 


Exjdosircs and Fiirdanip, 

The possibility of firing firedamp by the liame of a shot depends 
on the greater or less intensity of the flame. This intensity 
depends esiK*cially on the time wJjich is necesMiry to produce the 
complete coinbustion (vaporisation) of the exjdosivc. Inveisely to 
the ibice of the explosive, this intensity increases with the length 
of time required for the explosive particles to become incandescent 
at the time of ihiir decomposition and to form coinbustihlo gusc's. 

Gunpov^der burns slowly, and it is a well-known fact that 
particles of powder still in combustion or still uninflamed, may 
be proj( cted for a long way by the flame jot. According to 4’ranzl, 
the rapidily of comhustion of a grain of gunpowder is never greater 
than 10 mm. per second, and the rapidity with which the flame is 
propagated from particle to partich* not more than 10 m. per second. 
A cartridge 1 ft. in length would therefore require second in 
order to be in full oombnstion, whilst the different particles, ad- 
mitting they were only 1 min. in diameter, would require second 
in (*rdcr to burn completely. But on account of the violent pressure 
of the explosive gases, esjjecially when the charge is too strong or 
the tamping defective, it is possible at the end of yif, second to have 
several jets of flame several yd. in length, which are often suffleient 
to inflame the firedamp which may he within their reach. In 
proportion as the jiowder is coarse, and burns slowly, is it more 
dangerous. The use of compressed powder recommended by the 
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French Commission is not satisfactory, and Trauzl admits rightly 
that in the presence of firedamp this powder is highly dangerous. 
The statement of gunpowder manufacturers that the danger of 
gunpowder, both ordinary and compressed, would he eliminated if 
the charge were fiired by strong capsules!, sucii as are used for 
dynamite, was by no means verified in the Neunkirclien experiments. 

Other explosives of great rending force, such as dynamite, 
gun-cotton, &c., act altogether ditFerently. According to Trauzl 
long charges of compressed guncotton or dynamite fired at one 
extremity by means of strong capsules, detonate even in a free 
state, at the enormous rapidity of 5000-6000 m. per second, and a 
dynamite cartridge 1 ft. in length explodes in TToo second. Owing 
to this marvellous rapidity of propagatiou, and which also accounts, 
as is well known, for the violent eiFects of these explosives, the 
possibility of inflaming the firedamp, if not completely excluded, 
is, at least, undoubtedly limited. The incandescence of the 
decomposed explosive particles is of such short duration, especially 
when the tamping and capsules are good and efficient, that the 
flame hardly passes beyond tho month of the borehole. It is not 
only the results of the Neunkirchen experiments which confirm 
the difference in the rapidity of action between gunpowder and 
other explosives such as those mentioned above ; but the practical 
experiments of the English Commission on Accidents in Mines, 
and the Saxon Commission, also yielded precisely similar results. 
We gather from all these experimeuts that, though the danger of 
firing firedamp and coal dust through the use of gunpowder for 
blasting purposes is very great, yet tin*, danger is greatly reduced, 
if not altogether averted, by the use of other explosives of a more 
rapid action, provided that there are not exceptional accumulations 
of gas. 

Under these circumstances the Prussian Commission considers 
that, from the point of view of security, the use of gunpowder should 
be absolutely interdicted in fiery mines, and that the use of other 
explosives should be tolerated, provided that the propoition of 
firedamp does not pass beyond a dangerous limit easy to recognise. 
It enjoins as follows : — “ That the use ol gunpowder and other slow 
explosives should be forbidden in fiery mines, and the use of 
dynamite and other explosives which act in the same way as 
dynamite in the presence of coal dust should be authorised only. 
The use of dynamite should be equally forbidden in those portions 
of a mine where, under ordinary circumstances, accumulations of 
firedamp cannot be avoided, nor their presence easily indicated by 
the aid of the safety lamp.” 

Amongst explosives of a rapid action, those of a nitro-glycerine 
character are the best known and most used in coal working. 
Such are dynamite, No. 1 kieselguhr, and dynamite cellulose, 
dynamite Nobel, Nos. 2, 3, and 4, dualine, explosive gelatine, 
gelatine dynamite. Also nitro-cellulose (guu-cotton, &c.), Schultze's 



130 


Blastino. 


^d5|)/osiVs— con tinned . 

powder, kinetite. and otliere, such as hellbofSto (explosive Sprengel) 
carbonite, anagone, securite, and roburife, &c. According to the 
Neunkirclien experiments dynamite-guhr appears to be the least 
secure against inflammation of firedamp and coal dusts, because it 
was found that the mixture could be fired with only 4J per cent, 
of gas. On account of the mixture of nitro-glycerine witli the inert 
Jfieselguhr, the rapidity of proj)agation of the flame in the dynamite 
cartridge is diminisht d, ami particles of this projected by the 
violence of the explosion, and in a state of incandescence, increase 
the action of the flame. It is easy to conceive that in the driving 
of a cross-cut yielding a ^’ood deal of gas, the gas must be ignited 
by the flame of the dynamite. This lias frequently been observed 
in the Obernldrchen mines, and the Westphalia Mine, near Dort- 
mund. The mixture of combustible powder with dynamite appears 
to exert an influence on the safety of tlie latter, but this influence 
is only felt in the presence of a large proportion of powder. Thus, 
wliilst unniixed explosives, such as giinjjowder, explosive gelatine, 
hellhoflite, &c., as well as kinetite and dynamite-gelatine No. 1 — 
which only c-'irtains 35 per cent, of jxiwder — proved themselves 
absolutely without danger, in the Neunkirchen experiments, even 
in the presence of 10 per cent, of firedamp and coaldust, dynamite- 
gelatine No. 3 (75 per cent, of mixed powder) produced inflammation 
in the presence of 0 per cent, of firedamp. The Administration of 
Mines of Saxony obtained similar results with dynamite-guhr and 
dynamite-gelatine at, tlie time of its experiments at Briickonberg, 
Shaft No. 1, near Zwickau, in the summer of 1885. Some new 
experiments uiid(*r the direction of the Royal Inspection of Mines 
at Neunkirchen were productive of remarkable results, illustrative 
of the action of explosives invented of late years. Schultze’s 
powder, of great exploding power, was found to be harmless in the 
presence of firedamp and coaldust, whilst other qualities of the 
same powder, such as the explosive known as aiiagone, were not so 
secure. The explosive known under the name of securite also 
appeared to be of a harmless description in the presence of fire- 
damp and coaldust, but, like Schultzu’s powdt^r, it is hygroscopic, 
and cannot be used in a moist state. Carbonite, manufactured by 
Schmidt and Bichel, Berlin, appeared to yield satisfactory results 
fi-om every point of view, and it seems likely that this explosive will 
be used instead of gunpowder in fiery mines, chiefly because it is 
able to contend advantageously with it as regards net cost. 
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Table 72 . — Cost of Boring and Tiihbing Ngs, 1 and 2 P*Ys, Marsden Colliery ^ by the Kind-Chavdron Process. 
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PUMPING. 


JJorse-power required to Pump 1 gal. of Water against Various 
Pressures^ allovoing 40 per cent, for friction. 


Pressure per 
sq. in. 
700 
1,500 
2,240 


Calculated with 
40 per cent, added. 

. o-os 

1-47 

219 


Horse-power 

required. 

say • 75 
„ 1-75 
„ 2-5 


Useful Numbers for Pumps. 

D = Diameter of pnmp (in.). 

S = Stroke of pump (in.). 

D® S X • 7854 = cub. in. 

D2S X *002883 = gal. 

D®S X *0004545 = cub. ft. 

D® S X * 02833 = lb. fresh water. 


To find Diameter of Single-acting Pump. 

L = Length of stroke in ft. 

O = Number of gal. to be delivered per minute. 

F = Number of cub. ft. to bo delivered per minute. 
N = Number of strokes per minute. 

D = Diameter of pump (in.). 


Note . — These formulas give 
the net diameter of the pump- 
plunger ; it is usual to increase 
the area of the plunger J, to 
allow for leakage, &c. 


Setting up and Punning Steam Pumps. 

Never use a smaller pipe on the suction than the list indicates. 
Avoid right angles in the pipe where it is possible. 

Where it is practicable, make bends with a large radius. 

Fat a foot valve and strainer on the end of the suction pipe. 

Do not place the pump more than 29 ft. from the water. 

Where not water is pumped, the supply must be above the 
pump. 


F = *00545 D®LN. 
G = •034D®LN. 

/ZiEI. 

V ‘034 LN 


00545 L N 
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steam Pumps — continued. 

Make all joints in the suction pipe tight. 

A small leak in the suction is very detrimental. 

Keep the stuffing boxes nicely packed. 

Oil the pump before starting it, and keep the oil wiped off where 
it is not needed. 

A good pump is as worthy of being taken care of as a good 
engine ; spend a few moments every day in cleaning them up. 
removing all extra oil from them, wiping off the dust and dirt, and 
see that they are in good condition and working well. 


Pumping Engines, 

G = Number of gal. to be raised in 24 hours. 

F = Number of cub. ft. raised in 24 hours. 
h = Height in ft. to which the water is to be raised. 
H P = Actual horsC'power required. 




G X ^ 


4752U00 


or 


P X A 

762088' 


20 per cent, must be added to overcome friction, &c., and 50 or 
60 per cent, more is usually allowed for contingencies, making a 
total of 70 or 80 per cent, additional power. 


To find Horse-power of Pumping Engines, 

Let G = the number of gal. required per hour ; C = the number 
of cub; ft. required per hour ; F = the height in ft. to which the 
water is to be raised = horse-power. 


Then = 


G X F 
198,000 


or 


C X F 
81,750* 


About 70 or 80 per cent, must be added to the number obtained 
by the above formula, to allow for frictional and other contin- 
gencies ; the result obtained by the formula is not in nominal but 
in actual horse-power (33, 000 foot-pounds). 
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Table 73 . — Power required to Raise Water from Deep Wells* 


Gal. of water raised per hour .. 

200, 350, 500, 650, 800, 

1,000 

Height of lift for one man work- ) 
ing on crank in ft, . . . . j 

. 90, 52, 36, 28, 22, 

18 

Height of lift for one donkey 1 
working on gin in ft. . . / 

180, 102, 72, 56, 45, 

36 

Height of lift for one horse 1 
working on gin in ft j 

630, 357, 252, 196, 154, 

126 

Height of lift for one horse- 1 
power steam engine in ft. . . j 

990, 561, 39G, 308, 242, 

198 


This table is based on the assumption that a good class of treble 
or double-barrel lift pump is used, with valves in the buckets, with 
an additional retaining valve for lifts above 100 ft. 


To find Pressure per sq. in, of a Colxmn of Water (Telford). — 
Multiply the height in ft. by ’484. The pressure per circular in. 
may be found by multiplying the height in ft. by *341. Ex * — 
Required the pressure in lb. per sq. in. of a column of water 200 ft. 
high. 

200 X ‘434 = 86*8 lb. per sq. in. 

A ready way of approximately ascertaining the pressure is to 
take half the height in ft. 

To find Pressure of a Column of Water in lb. — If the base be 
circular, square the diameter in inches, and multiply by *341, 
which gives the weight of 1 ft. in height ; by multiplying by the 
number of ft. in height, the pressure is found. If the base be 
square, multiply by * 484. Ex. — Required the pressure of a column 
of water 12 in. diameter and 20 ft. high. 

12 X 12 X *341 X 20 = 982*080 lb. if the base be circular, 

12 X 12 X *434 X 20 = 1*249 *920 lb. if the base be square. 

To find Quantity of Water in a Pipe, — The square of the diam. 
in inches gives the weight of water in lb. for 3 ft. in length, and by 
striking off one figure to the right the number of gal. is found. 
JEjk. ^Required the quantity of water which a pipe 15 in. diameter 
and 9 ft. long will contain : — 

15 X 15 X 3 = 675 lb., or 67*5 gal. 

To find Diameter of Pipe required to Discharge a Given Quantity 
of Water at a Given Speed per Minute. — Rulb; Multiply the 
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miraber of cub. ft. of water per minute by 144, and divide by the 
velocity of flow in ft, per minute ; divide by * 7854, and take out 
square root, which will give diameter of pipe. 

To find Velocity of Flow of Water in a Pipe required to Dis- 
charge a Given Volume of Water in a Gwen Time . — Rule : Multiply 
the number of cub. ft. of water by 144, and divide the product by 
the area of the pipe in inches. 

Centrifugal Pumps, 

Oontiifugal pumps and direct acting pumping engines are largely 
employed in the mining industry, and as their usefulness becomes 
b(;tter known their employment will be extended. On moderate 
lifts, such as those prevailing in alluvial mines, no better water 
elevator can be adopted (1) on account of their groat efficiency; 
(2) because, in the absence of valves, they will pass mud, grit, 
chips, &c., without detriment to their working; (8) by reason of 
their very low first cost and trilling cost of repairs. The “ Invincible ** 
pumping engine, made by Joiin and Henry Gwynne, of Hammer- 
smith Ironworks, and Cannon Street, London, is claimed to be, on 
certain lifts, more economical than any pump of the centrifugal 
or other type, or than scoop wheels, or any otlier water-raising 
appliance known. 

Pulsometevs, 

The distinguishing features of the pulsometer are briefly ns 
follow : — The pump itself is not subject to wear like other pumps. 
The only W( aring parts (the valves) can be readily and cheaply 
renewed. Such renewals are needed only at long intervals. No 
expense for skilled labour. Whilst on constant work the pulso- 
meter will run for long periods unseen. It requires no oil, tallow, 
packings, or foundations. Will work equally well suspended on a 
chain as when fixed, and can be used whilst being lowered. For 
sinking work the great advantage of this capability will be readily 
recognised. The pulsonn ter will go into a smaller space than any 
other pump of equal capacity. Having no exhaust steam, it can 
be used in confined spaces without heading them up, as is the case 
with ordinary steam pumps. The pump is noiseless in operation. 
They will pump very dirty water and a great variety of other 
liquids and semi-liquids to a total height of 70-80 ft., or under 
special ciicumstances to much greater heights. They are best 
adapted to a suction not exceeding 6-10 ft. for the smaller size, and 
10-15 ft. for the larger. These figures are, of course, modifieci by 
circumstances, as pulsometers are occasionally used on very mucli 
higher lifts, but the above may be safely taken as a guide. As a 
convenient guide also it may be stated that the pressure of steam 
at the pump for lifts of 20-40 ft. should not be less than 20-30 lb. 
per sq. in., and for lifts of 40-80 ft. not less than 30-60 lb. For 
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higher liftt* greater steam pressure is necessary. The pulsometer 
can be made in gunmetal, to withstand the action of bad water 
sometimes met with in mines. The advantages enumerateii as 
belonging specially to the pulsometer in its portability, its ability 
to raise very dirty water, <fec., without injury, its small size, cost, 
and general handiness, have already established its reputation for 
all kinds of pumping in mines, &c. If desired, for lifts above 
90-100 ft., the discharge of one pulsometer may be taken into the 
suction of another pulsometer placed above ; or a small tank may 
be placed midway, the bottom pump discharging into it and the 
higher one drawing from it. Either of these arrangements is used 
with great success, and in this way a large number of very awkward 
sinking jobs have been performed. For lifts above the range of the 
pulsometer, the “ Deane Patent Double-Plunger Sinking Pump is 
strongly recommended. It will pump gritty water to almost any 
height; is strong and very simple. It can also be made in small 
parts for easy transit in mountainous countries. 


Table 74. — Puhometers, 


No. 

Height of 
Pulsometer. 

Space 

occupied. 

1 1 

I Size of 
! Steam 
[Supply Pipe. 

Size of 
Suction 
Pipe. 

Size of 
Discharge 

1 Imperial 

1 Gallons 
i per Hour, 


in. 

in. 

1 

ill. 

in. 

in. 


1 

1« 

10 X 10 

i 


1 

900 

2 

22 

16 X 13 

i 

2 

15 

2,000 

3 

28 

23 X 16 i 

■i 

3 

2 

3,800 

4 

.32 

24 X 20 ! 

i 

35 

25 

6,000 

5 

39 

26 X 26 ) 

•i 

4 

3 

10,000 

fa 

42 

27 X 27 

1 

45 

35 

13,000 

7 

48 

32 X 26 

u 

5 

4 

17,000 


1 61 

I 39 X 28 

u 

6 

4 

22,000 

S 

i 56 

1 39 X 32 

li 

6 

6 

28,000 

9 

1 66 

39 X 36 

H 

7 

6 

40,000 

10 

1 79 

48 X 42 

2 

8 

7 

62,000 

IH 

1 80 

66 X 42 

! 2 

1 

1 10 

» 

80,000 


The quantities are given on a total lift of about 20 ft. 
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Table 7 S. — Ventilating ; Efficiencies of Mechanical Ventilators, (N. Eng. Inst, Min. Engs.) 


Vkstilating, 


137 



e 


© 

© 



e 

e 



CO 

© 

•»D9iyf?r FJ'^n 

o 

© 

© 

i". 


N 


oo 

© 

. 

eo 


JO daH!^ua3ia({ 

o 

'■ii' 

© 


© 

© 

© 

© 

■ol< 

« 

*- 

© 

© 


t- 

eo 

© 

•JCKHUJIKI 1 

. © 

© 

© 

OD 


W 

i«- 


-a* 

© 

N 


a8nv{) 1 

o« 

ao 


o 

© 

© 

w 

7* 

*- 


fH 


jaiBAV 1 

« 


r-t 

M 




© 

N 

« 

.H 

o 

•ainiiiH 1 

jad Jiv 

• N © 
(N © 
^ © 

ao 

© 

o» 

M 

© 

© 

© 


M 

© 

© 

© 

© 

C<* 

© 

© 

© 


•paj-RSf) JO 

aun.yB-poii(i 


•9210.1^8 

JO 

•SJ9pnif^3 I 
JO -uiTtKi 1 

JO -ON i 
•JilSiaAv 

JO jaioraupi 


^ so <D O O O 00 ® -"H o 

^JCOCOCO-^Nr-4 SO-ai ® 


O SO Ao 

« o 


J O O © ® lO rH cs» CO © © 

. CS (M © i-t N W rH C? i- 

b b 

• S • ® *3 

• • • • -9 * * "5 3 0? 

. . O. .4J, P. -gj M 

a> 'g 4/ .5r © 

3 J?' 3 ^ M -b 

4:;g L g cq 

so©© © © © ©oco 


1 eg bcjg 9 

3 aS.2 s W3£ 

2 9 — 2 hH ? 

as 


=§=‘11 

o ^ «5$ 


S > S 

B I 3 

.2 s g 


•I C4 CO <a|t © © *<• © 0 > o 


11 Cooke .. l\ ■■ 11 6 17-92 „ 80,640 

12 Goffint .. 2 pistons 13 2 Stroke 10 7^ 9-25 „ 63,020 



Table 76. — Ventilating; Duty of Furnaces at Collieries in Kortkiimherland and Durham Coalfield, (Cochrane.' 


1S8 


VB!imi,ATnfo. 


•jiy oqij u| ‘a’H 
anoji J9d iwoQ jo uoi^dcansuoj 

lb. 

370 

49*2 

66-3 

•siiioij 21 UT paranenoD |bo^ 

cwt. 

40 

91 

120 

•ant^ ui aStinf) jait^AV, 

in. 

0’62 

1*10 

1-00 

•o'jnuii^ 

lad paiisinaap Jiy Jo oranio^ 

cub. ft. 

103,325 

99,750 

126,336 

i 

j •:^8'BD(In JO dox 

b O C© 

'3 ov n 

ca ^ ^ ^ 

! 

1 *jst7adQ 111 iC'BM-jiVH 
*-I 1 

Fahr. 

117 

206 

d 1 j 

o 

flj -ijstirKljj JO iiionotj 

s 1 

Fahr. 

141 

225 

170 

1, j -aova-it^q j 

a i jpou jiy njojni 

ai ! 

^ 1-4 «0 

?3 CO CO .r- 

fX4 

1 ‘^brau wo^ JO cuoj'ioti 

1 

^ . © 

CS • *- 

Ca4 

! 

j •!|8B3tI.VlO(| JO dox 

^.00 01 
• «5 «> 

pj-l 

•o»w.io ooTfiunx JO TJaav 

iS '.14 (M o 

Upcast 

Shaft. 

£ 

yd. 

160 

266 

460 

1 

Hi* 

Ol © O 

Downcjist 

Shaft. 

% 

S 

• o o © 

•o © m o 

1-4 OI kO 

Diam. 

-IH 

j*a e-i in Ui 

Name of 
Colliery, 

* i ' 

1“ 1 ^ 

^ ^ i ■ 

« 25 



VENTILATING. 


189 


Ventilating ; Cost of Supplying Air by Different Systems, 
(Forster.) 

The following are the figures obtained for 100 cub. metres per 
minute. The use of steam as a motive power, at a cost of 12/. 106‘. 
per gross H.P. per annum, is assumed : — 

Compressed air at 3 atmospheres excess pressure; velocity of 
current 10 metres per second, escaping at full prtissure from the 
air-pipe, 230 mm. diameter, cost 9235/. per annum. The same 
using a Korting blower, and pipes 89 mm. in diamett;r, 1510/. 
The same using a compound engine. Boot’s blower, and pipes of 
50 mm., 365/. 

Branch current taken from main fan pressure, 0*001 atmosphere 
or 10 mm. water gauge; 2 metres per second velocity of current, 
pipes 1030 mm. dianieter, 210/. This, on account of the low 
velocity of current and the large size of pij)es, would bo practically 
useless at the distance of 1000 mt'tres from the fan. 

Curient produced by a special high speed fan at surface atmo- 
sphere, or 250 mm. pressure, velocity per second 6 metres, pipe 
585 mm., cost 380/. 

Current of 10 metres per second at atmosphere, 1033 mm, 
pressure, pipes 454 mm., produced by a series of two or three fans, 
or a cylinder blowing engine. The cost in the first case is 725/., 
and in the second 870/. piT annum ; or, where the pressure is 
increased to J atmosphere, 1510/. and 1935/. These are, however, 
only afiproximations, from very ri'stricted data. 

Electric transmission of power to mine ventilators working at 
low pressure ; no pipes required ; old pit ropes used as conductor. 


Ventilating : Fot ^ mula ^, 


( 1 ) 


( 2 ) 


t = temperature of air in downcast shaft, 

T = temperature of air in upcast sliaft. 

D = depths of the shaft in ft. 

m = the periphery of the transverse section of the air-course 
in ft. 

s = the area of the section in ft. 

/ = the length traversed by the current in ft. 

V = the velocity of the current in ft. per second. 


u = 96 


/j^L-^yns 

/ T -f 448 
V mi- 


• + ^i68 s 


C = length of downcast column. 
c = length of upcast ditto. 

T = number of degrees in excess of 32° F. in C. 
t = number of degrees in excess of 32° F, in c. 
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LIGHTING. 

Table 77. — Liohtisg : Edative Cost of Artificial Illumination by 
different Systems at a Colliery raising lOOO tons a day* 


Electric Light. 



c. p. 

hours 

lamp hours 


per day. 

per annum. 

1. Pit head, 2 X 200 c. p 

2. Winding engine, fan, boilers. 

= 14 X 16 averaging 

.. 10 .. 

= 40,600 

pumps, &C. 

3. Shops, offices, Ac 

4. Screens, sorting, &c., 4 X 200 

= 12 X 16 „ 

.. 10 .. 

= 34,800 

= 16 X 16 

.. .. 

= 6,960 

c. p 

= 28X16 „ 

.. u .. 

= 12,180 

6. Underground 

6. „ (continuous 

= 20X16 

.. 10 .. 

= 68,000 

lighting) 

= 10X16 

100 X 16 

. . 24 . . 

= 69,610 

222,140 


The total candle power is about 2124, though with electric light 
this will be more effective tJiau with other lights, on account of tlie 
greater facilities for reflection. To get the I.P.H. per annum we 
nifly divide the total lamp hours by 10, since each 16 c. p. lamp 
takes -jV Allowing 10 lb, of slack coal per I.P.H. at Is. 6d. 
per ton — 


£ s. d. 

Electricity, — Coal, 100 tone, at Is. 6d 7 10 0 

Renewals of lamps at 1600 hours' burning (they usually 
last for 2000 hours) : — 

2000 hours. 1. 2 X 200 c. p. lamps renewed twice at 18s. each . . 3 12 0 

2900 „ 2. 12 X 16 „ „ „ „ 4s 4 16 0 

436 „ 3. 16 X 16 „ „ I times „ 4s. „ 114 

436 „ 4. 4 X 200 „ „ i „ „ 18s. „ . . 14 0 

2000 „ 6. 20 X 16 „ „ twice „ 4s. „ . . 8 0 0 

6960 „ 6. 10 X 16 „ „ four times „ 4s. „ . . 8 0 0 

Interest and di preciation at 10 per cent, on capital outlay — 200^. . . 20 0 0 

Oil, water, waste, 6ic ., 600 


£59 3 4 

The total cost of electric lighting will therefore be about 601. per 
annum, and this on 290,000 tons per annum will be * 05d. per tou 
raised. 

(ros.— With gas, the capital outlay may be taken, fur main, pipes, and fittings, at 
about 1601. 

At 3 €. p. per cub. ft. per hour, and 6 ft. per 15 c. p. lamp ; — 


- - - - ’ ^ p - A A 

£ s. d. 

1. 40,600 lamp hours at 5 cub. ft. = 203,000 cub. ft 25 7 6 

2. 34,800 „ „ = 174,000 „ 21 16 0 

3. 6,960 „ „ = 34,800 „ 4 7 0 

4. 12,180 „ „ = 60,900 „ 7 12 3 

6. 68,000 „ „ = 290,000 „ 36 5 0 

6. 69,600 „ „ = 348,000 „ 43 10 0 


Taking the cost at 6d. per lO^'O cnh. ft. Total cost of gas 138 16 9 
Interest and depreciation on 150t at 10 per cent 15 o 0 


£163 16 9 
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Qas — continued. 

On the fiame amount of coal per annum, viz. 290,000 tons, this 
will be about 'ISd. per ton raised. 

Poraj^n.’^Witb paraffin, taking 2 x li in. wick duplex lamps as 16 c. p., con- 
suming pint of oil (at 8(1. per gal.) per boor. 


£ t, d, 

1. 40,600 lamp hours = 50*7*6 gal 16 18 4 

2. 34,800 „ = 435 „ 14 10 0 

3. 6,960 = 87 2 18 0 

4 . 12,180 „ = 152*26 , 6 1 6 

6. 68,000 „ =725 24 3 4 

6. 69,600 „ = 870 „ 29 0 0 


Total cost of oil 92 11 2 

Wick, say 3 0 0 

Labour, trimming, &c 25 0 0 

Interest on capital outlay of, say, 801. at 6 per cent 4 0 0 


Depreciation, repairs, and breakages, at 20 per cent, on BOl 16 0 0 

£140 11 2 

On 290,000 tons raised, this amounts for oil to ’llOd. per ton, 
for gas to •JSd, per ton, and for electricity to ‘OSd. per ton. 

Thus it will be seen that electricity compares very well as to 
cost with other illuminanis, since gas costs nearly three times and 
oil more than twice as much for the same amount of illumination. 

Thorneburry Miners' Safety Lamp. 

The Thorneburry lamp promises to exceed all previous lamps of 
the same class in the amount of light which it gives, and in the 
security wliich it will afford in an explosive atmosphere. The fuel 
of the lamp is heavy petroleum oil, having a flashing point of 250®, 
and it is burned under a cone of the familiar form which obtains 
in paraffin lamps. Tlie whole of the air-supply is delivered into 
this cone, and most of it passes through the slot in the top, making 
a sharp draught, which steadies and brightens the flame. The 
illumination aflbrdcd is 1-1 J candles, which is three or four times 
that of a modem safety-lamp, a most valuable feature, us the miner’s 
ability to detect dangerous spots in the roof depends to a great 
extent upon tiie amount of light at his command. The wick can be 
raised and lowered by a pinion and milled disc in the usual way, 
but as the gas given oft' by the oil does not burn in actual contact 
with the wick, the latter needs very little adjustment, and need 
not be disturbed for htmrs. 

Bef erring to Fig, 10, it will be seen that the oil reservoir forms 
the base of the lamp, and is screwed into the ring 5, This ring is 
connected to an upper ring by a number of columns d. Between 
the two rings are fixed two concentric glass cylinders e /, so 
secured that they are not disturbed when the lamp is taken to 
pieces for cleaning. To the top of the upper ring is screwed the 
chimney and its case. The air to sup^rt combustion enters 



142 


LiGBTIKa. 


Safety Lamp — continued. 


through holes in the upper ring, and passing the gauze screen v 
travels downwards between the glass cylinders e f. At the bottom 
it pasises through a ring of gauze and then through perfora- 
tions in the base 6, after which it tenters tlie cone. The products of 

combustion rise up the chimney h. 


Fig. 10. 



and escape tiirough openings at 
the top of tlie case, first passing 
through the gauze cone k. This 
latter, however, is not necessary 
for safety. The lamp is self-ex- 
tinguishing in an explosive mix- 
ture, the gas and air entering the 
lamp cone being ignited by the 
flame and consumed before it 
roaches the chimney. Both the 
lamp flame and the ignited gas are 
automatically extinguished by the 
after-damp or carbonic acid gas, 
which is produced in the cone 
by the ignition of the explosive 
mixture. Hence it is obvious 
that tiie outer gauze enclosing the 
chimney is not necessary for the 
safety of the lamp, but is only an 
additional protection in case of 
an accident to the bottom gauze 
ring. 

The top part of the lamp is locked 
by a bolt which stands over the 
pin p. So long as the latter is in 
position the bolt cannot be with- 
drawn. The pin p is again locked 
by a bayonet joint having a part 
which can be padlocked or rive ted 
to the oil reservoir. When the 
locking is complete, the lamp 
cannot be opened without detec- 
tion by any ingenuity. 

The lamp has been tested by 
Sir F. Abel and Prof, Dewar, who 


Tfaorneburry Safety Lump. report that they have conducted a 


series of laboratory experiments 


with it, and have witnessed practical trials, which were carried out 
at the Aldwajke Main Colliery, by Mr. Rhodes, in an apparatus of 
the same character as was used by the last Royal Commission on 
Accidents in Mines. They saw the lamp tested in explosive gas 
mixtures, the velocity of the current being in some experiments as 
high as 50 ft. pur second, or 3,000 ft. per minute ; both horizontal 
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Safety Lamp — continued. 

and inclined currents, upwards and downwards, were used. In all 
instances the lamp was extinguished within a very few seconds 
after the explosive gas current was established, and on no occasion 
during the course of the experiments was the combustible gas 
mixture within the lamp seen to burn. The lamp, therefore, ful- 
filled the conditnms, even under abnormal circumstances, essential 
to safety in mines, as laid down in the Mines Commissioners^ 
Report. A light of uniform power, which could be so regulated as 
to equal 1-1 J candle-power, was maintained for many hours with 
mineral oil of high-flashing point, which, in regard to safety, is not 
inferior to the animal or vegetable oils used, or to the mixture pre- 
scribed by the Mines Commission. 

In regard to simplicity of construction, the lamp compares favor- 
ably with many of tlie later and more efficient forms of safety-lamps, 
and the several parts are readily maintained in a thoroughly clean 
and efficient condition. 



Table 78.— Coal Cutting : Comparison of Belatke Cost by Hand and Mdchine. (G. Blake Walker.) 
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HAULING AND HOISTING. 


Hauling and Hoisting ; Detemumtion of Qualities and Strength of 
Hopes from Appearance, 

A f^ood hemp rope is hard, but pliant, yellowish or greenish-grey 
in colour, with a certain silvery or pearly lustre. A dark or 
blackish colour indicates that the hemp lias suffered from fermen- 
tation in the process of curing, and brown spots show that the rope 
was spun while the fibres were damp, and is, consequently, weak and 
soft in those places. Again, sometimes a rope is made with inferior 
hemp on the insides, coverc^d with yarns of good material — a fraud, 
iiowever, which may be detected by dissecting a portion oftlie rope, 
or, in practised hands, by its beliaviour in use. Otlier inferior ropes 
are made from short fibres, or with strands of unequal length or un- 
evenly spun — the rope in the first case appearing woolly on account 
of the number of ends of fibre projecting, and, in the latter case, 
the irregularity of manufacture is evident on inspection by any good 
judge. A very simple and extremely reaiiy means for ascertaining 
the purity or otherwise of Manilla hemp rope consists in forming balls 
of loose fibre of the ropes to bo tested, and burning them completely 
to ashes. While pure Manilla hemp burns to a dull greyish-black 
ash, Sisal leaves a whitish-grey ash, combinations of Manilla and 
Sisfil yielding a mixed ash resembling the beard of a man turning 
from black to grey. 

Table 79 . — WeigJits and Strengths of Ilcnip and ^Virc Ropes. 


(a) Flat Ropes. 


Hemp. 

Iron. 

Steel. 

Equivalent 

Strength. 

Size In 
inches. 

W eight 
per 

failiom. 

Size In 
inches. 

Weight 

per 

fathom. 

Size in 
inches. 

Weight ! 

per j 
fathom, j 

Working 

Load. 

Breaking 

Load. 


lb. 


lb. 


lb. 

cwt. 

tons 

4 + li 

! 20 

2i+ J 

11 



44 

20 

6 -m 

i 24 

i 24 + 4 

13 

, . 


62 

23 

64 + 1| 

26 

24+4 

15 

. . ■ 


60 

27 

6-”- + U 

28 

3+4 

16 

2+4 

io 

61 

28 

6 + H 

30 

31+4 

18 

24 + ^ 

11 

72 

32 

n + n 

36 

3i + « 

20 

24+ 4 

12 

80 

36 

84 + 24 

40 

3* + a, 

22 

24 + 4 

13 

88 

40 

84 + 24 

45 

4 + XI ! 

25 

24 + 4 

15 

100 

4 5 

+ 24 

60 

44+4 

28 

3+4 

16 

112 

50 

94 + 24 

65 

44+4 

32 

34 + 4 

18 

128 

56 

10 +24 

62 

44+4 

34 

34 + 1 

20 

136 

60 
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Table 79 — coniimied. 


(/>) Bound Ropes. 


Hemp. 

Iron Wire. 

Steel Wire. 

Equivalent 

Strength. 

( ;ircum- 
I'erenoe. 

Weight 

IHsr 

fathom. 

Oircimi- 

fereuce. 

Weiglit 

per 

fathom. 

Circum- 

ference. 

Weight 

per 

fathom. 

Working 

Load. 

Breaking 

Load, 

in. 

11). 

In. 

lb. 

in. 

lb. 

cwt. 

tone. 


2 

1 

1 


, , 

6 

2 


, . 

U 

n 

1 

1 

9 

3 


4 

IS 

2 

.. 


12 

4 



\i 

2k 

U 

11 

15 

5 

H 

6 

H 

3 

, . 


18 

6 



2 

3f 

u 

2 

21 

7 


7 

2k 

4 

H' 

21 

24 

8 



2i 

41 



27 

9 

6 

i 

2i 

5 

H 

3 

30 

10 


. . 

2k 



. . 

33 

11 

tji 

10 


6 

2 

34 

36 

12 


. . 

2i 

Cl 

21 

4 

39 

13 

7 

12 

21 

7 

21 

41 

42 

14 



3 

n 

, . 

. . 

45 

15 

7i 

ii 

iik 

8 

2S 

5 

48 

16 



3t 

I 81 

21 


51 

17 

8 

10 


9 

21 

i 

54 

18 



1 3i 

10 

21 

6 

60 

20 

si 

is 

[ 31 

11 

21 

0l 

66 

22 


. . 

:n 

12 

, , 

, . 

72 

24 

id 

22 

n 

13 

31 

8 

78 

26 

lU 

20 

4 

14 

, . 


84 

28 



41 

l.'i 


o' 

90 

30 

n 

30 


16 


. .■ 

96 

32 




18 

31 

10 

108 

36 

12 

.31 

1 

4S 

20 

31 

12 

120 

40 


Hauling and Hoisting: Mine Ropes in Englmid, Belgium, and 
Oernnmy, (Aguillon.) 

With regard to tlie material forjnt-ropes — whether hemp, or iron 
or steel wire — and their shape, whether round or flat — the advantage 
attributed to lieiup ropes, ef giving warning before they break, is 
shared equally by wire rof)CS when properly looked after, and the 
latter can be employed with as much safety as hemp ropes, when 
proper care is b(^8tow(3d upon everything aifectiiig their working. 
In wet pits, particularly where the water is at all corrosive, or 
where it is wound up in buckets instead of being pumped, aloes 
ropes are preferable. But in upcast-shafts, hf)wever slightly warm 
be the air-current, wire ropes should be used, in spite of the dis- 
advantage of their hemp core. In the absence of any such special 
reasons, the choice of material is more a question of economy and 
convenience than of safety. Where it is determined that the rope 
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Mine Bopes — continued. 

shall be flat instead of round, the power of the winding engine in 
deep pits can be better balanced with a hemp rope ; because a flat 
wire-rope is too thin to alter the leverage quickly enough in O/Oiling 
or unc/iiling on the rope roll, and would involve some kind of 
counterbalance, wliich would be a matter of difliculty. This is 
the practical reason why several deep [)its in France have recently 
changed from flat wire-ropes to flat aloes-rope. With wire-rope, too, 
there is much more difliculty in making a good flat rope tlian a 
good round one; and round ropes winding on conical or spiral 
drums aflbrd a convenient mejins of balancing the engine-power. 
As to the choice belween steel and iron for wire ropers, German and 
English practice goes to show tliat steel ropes well made and of a 
suitable quality of steel, are capable of working better in all respects, 
and appear ev(Ui to be aab r. The exclusive use of steel-wir(‘ ropes 
in Germany and England, and of hemp or aloes ropes in Belgium, 
for all depths of pit, is attribuhnl to the degree of excellence which 
has bec;n arrived at in the two former steel-prodncing countries in 
t)jo manufacture of steel wire of suflicieiitly homogeneous quality 
and othervvise suitable for ropes; wlK^rtMis iri Belgium the 
manufacture of aloes or hemp ropes has always been a special 
industry of Flanders, where it has attjiine<l a rare d(‘gre(i of i)erfec- 
tion. The wiiolo of the winding gear should always bo carefully 
adapted to the parthmlar matiTial of which tlie roi)es are made. In 
France the mistake hasgouerally been committed of ordering a rope 
without giving the milker any idea of tho conditions under which it 
is to work, the very make being often specified for him in detail. 
Elsewhere tlie more sensible practice is to consult with the maker 
throughout, furnisliing him with complete information as to the 
whole of the requirements to be fulfilled. 

In addition to being tested, all rojies should be guaranteed by the 
makers. In Belgium the guarantee for aloes ropes is generally that 
they shall last 1^-2^ yoara, or else for a given output; and 1-1 2th 
or l-2Ith of their value is deducted for every month short of their 
stipulated duration. At the Koval Collieries at Saarhidickeii, the 
ropes, of English crucible cast-steel win*, are guaranteed for G weeks, 
during which the maker is held liable to replace thi-m if found 
defective. 

Testing should apply, for hemp and aloi^s ropes, both to the raw 
material itself and to the spun yarn, as well as to sample lengths of 
the finished ropes. The twist of the rope, and tlio stitching of a 
flat rope, should be very uniform ; and the rope should not contain 
more than 20 per cent of tar. 

Iron wire for ropes should be strong, bard, pliable, and not 
galvanised, and should be selected from standard makes. Steel 
wire should bo made from crucible cast-steel, of very homogeneous 
and comparatively hard quality, and suitably annealed ; it should 
have a tensile strength of 70-76 tons j)er sip in., and should stretch 
3-5 per cent., and be pliable. It should be tested for tensile 

h 2 
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Mine Ropes — corititiued. 

strength, stretclnng, bonding, nnd torsion ; and all the wires in the 
same rope should be as closely alike as possible. Sample lengths 
of the rope itself should be tested. The lay of the wdres and 
strands should b(j regular; in flat roj^es the stitching should be 
regular, and should be done with annealed wire. Torsion is 
eonsidere<i an excellent test for homogeneous quality in wire : steel 
wir€)8 of 0*509 in. and 0*118 in. diameter should stand twisting 
through 40 and 20 revolutions respectively in an unloaded length 
of 6 in. ; and the surface markings produced by the twisting should 
follow regular lines. 

The size of the wires, and the length of their lay or pitch in the 
rope, should vary in accordance with the diameter of the drums and 
pulleys round wliich the rope will have to work ; and particularly 
with the distance between the drum and the pit-head pnlley, and 
with the angle wliich the inclined span winding on the drum makes 
witli the vertical jwrtion hanging down the pit. These are 
essential points for determining the stillhess requisite to prevent 
the ro])e trom flapping as it runs. 

Experience proves that the very material itself of every ro ])0 does 
certainly undergo deterioration in working, tlu'reby diminishing the 
rope’s strength till it becomes no longer safe. This deterioration 
of material is something more than mere wear by friction or rusting ; 
in aloes ropes, the fibres lose their strength ; and in wire ropes, 
even where testing fails to show any loss of tensile strength per 
sq. iu. of section, there is a clear diminution of pliability and 
elasticity ; the wires bi'conie harsli and brittle, whereby the rope is 
weakened. Though the deterioration is generally accompanied by 
im mistake hie external indications, it is yet desirable to trace its 
progress by actual tests of the individual wires, or of the ends of the 
rope itself. 

Large diameters for (h ums and pulleys are of more importance for 
wire ropes than for hemp, and for steel than for iron. The smallest 
diameter should he at least 1800-1400 times that of the iron 
wire iu a rope, and 2000 times that of the steel wire. Its relation to 
the size of the roj)e itself matters less, because the disadvantage of 
too small a diauu ter can l)e obviated by selecting a suitable size of 
wire and by a suitable innke of rope. It is well, however, for the 
smallest diameter of }>nlley or drum to bo not less than 80-100 
times the diameter or thickness of a wire rope, and 50 times for a 
hemp rope. 

Tlie rope should wind smooth on the drums or pulleys, without 
rubbing sideways against them, and so as to run free from jolts and 
flapping. For wire io])es it is desirable to line the grooves of the 
pulleys with wood. The larger the diameter of the head-gear 
pulley, the less does it matter how small be the angle which the 
inclined span winding (3ii the drum makes with the rope hanging 
down the pit ; but with smaller diamehnsof pulley the angle should 
be increased, in order thereby to diminish the bending of the rope 
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Mine continued. 

in passing over the pulley. Opinions differ as to the minimuiu 
angle to be allowed ; some assign 40*^ as the limit, while according 
to others it should never be less than 60®. In plan, the obliquity 
of a round rope between the overliead pulley and the drum should 
always be kept within the smallest possible limits. 

In doubling back the rope end for attaching it to the cage, tlie 
loop should be kept as large as possibh;, by inserting within it au 
iron eye or a wcxiden disk; this is jiarticailarly advisable with iron 
wire-ropes, and still more so witli steel. The attachmout should also 
be made with springs, for easing the jerk at starting. 

Iron or stocl wire-ropes of largo size should not work at more 
than one-tenth of their breaking strength ; small round ropes may 
be worked up to omi-sixth. Well-made alocs-ropes may be loaded 
to One-seventh or onc-eighth. 

Careful maintenance is indispensable to tbe preservation of all 
lopes, especially of wire-ropes. Jlemp ropes want tallowing 
regularly, and aloes rop(js want keeping always damped. Wire- 
ropes, steel particularly, should be greased regularly, and often 
enough to pr(‘vcnt their (;v<t beginning to rust. The grmso slioiild 
be soft enough to wojk into tlui strands, right through the hemp 
cores, but stiff enough to stick on the outside of the ro})e. A 
mixture of oil and gnMiso, well stirred and laid on hot with a brush, 
answers very well ; l)Oth oil and grease should be neutral. 

Iron wire ropes are rapidly beiiig rephi'-ed by st(5el wire, owing to 
the less weight needed to affonl the same strength. But it must be 
remembered that wlien the mine water contains much acid, the 
steel will wear much faster than the iron. 


Table 80. — Hauling and Hoisting : Underground Haulage. 
(N. Eng. Inst. Min. Engs.). 


System of 
Haulage. 

Average 
(iradient 
for Full 
Tubs. 




1 ' 




Ropes or 

Chains. 

Tubs. 

Grease and 

Oil. 

Coals. 

Rep^iirs to 
Engines and 
Boilers. 

Maintenance 
uf Way. 

Labour. 

TotaL 

Eudloss chain 

Rise 1 ID 69 

0-083 

0-173 

0-165 

0 - 2 r .6 

0*072 1 0-068 

[ 0-572 

! 1-379 

Tail rope . , 

„ 1 „ 213 

0'276 

0-114 

0-186 

0-558 

0-098 0-OC4 

1 0-583 

T879 

Endless rope 

1 » 36 

0-253 

0-309 

0-138 

0-323 

0-196 0-083 

i 

1-692 

2-993 
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Hauling and Hoisting : Endless Chain Haulage, (Mowat ) 


Tli(^ speed of the chain varies from 1 to 3 miles per hour, the 
best speed being about 2 miles per hour, although this may be 
increased with advantage*, to 3 miles wlum tlie out))ut is very large, 
and the chain is not strong enough to allow of the hutches being 
placed close tog(‘tlier. The distance between the butebes varies 
from 10 to 25 yd., according to (dreumstances. If the road is very 
flat, they might re(iuirc to bo placcnl as close <og(^ther as 10 yd. to 
got suflicient motive power, while, if the incline is sleep, 25-30 yd. 
a])art will give*, am])le i)ower. When the distance is greater than 
25 yd., however, the chain is liabhs to trail on the pavement 
between the hutches, thus causing great tear and wcjar ; so tl at, if 
possible, the distance should be shortened that the chain may never 
touch the ground, except, perhaps, near tlu* lowc-r whe(d, wliere it 
can hardly be avoided, and where lujech planks should he laid to 
keep it off the pavement. The distance between the hutches is 
regulated by a small bell, which is placed on the incline at the 
prescribed dislance from tlu^ hanging-on i)lace, and which is rung 
by the last hung-ou luilch striking it. Th(i boy at the bottom puts 
on an cmply hutch for every full one that comes olf, thus keeping 
the number on both sides as nearly as }) 06 sibl(‘ uniform. 

If the speed of iUo. chain be takem as 2 miles prT hour, and the 
distance between tlie hutches as 15 yd., the total number of hutches 


run off per hour, if the chain goes constant, would bo — — = 

15 

234| hutches per hour : or, if the hutches bold 10 cwt. each, 117 
tons per hour. These figures show clearly that a very large output 
can be drawn, regardh'ss of the length of tlie incline, without 
increasing Ihe sjieed beyond a (•r(‘eping pace. 

When a change of gradient takes place, so as to form a hollow, 
the road must he raised in the hollow and tlu^ inclination changed 
gradually, so as to prevent tlic chain from being lifted out of the 
catch. In short, tlie road must be made to Ibllow the natural 
curve of the chain. When a chain is suspendeil betwten two 
points of support, it foims a catenary curve, but if it is drawn 
nearly straight between the supports, it may be taken as a parabola, 
whose axis is vertical, without sensible error. In order to find the 
parabola which the chain will assume, it is necessary to take into 
account the tension of the chain at the origin or lowest point of the 
the curve, the weight of the chain, and the dislance between the 
hutches, all of which are known, or can easily be found. 


Let T = tension at O in lb. 

u’ = weight of chain piir ft. in lb. 

O H = 2 / = J span between supports in ft. 

X = depression in ft. 

wy z:z approximate weight of chain O P, when OP is nearly 
straight and level. 
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Endless Chains — coiitiuued. 

Then, to find the depression x in the chain between the two 
hutches, 

X w y 

Ty" ^ 


X = 


10 


(O 


and the equation to a parabola, when y and q are the co-ordinates 
and 4 A the ratio betwen x and is 


but from (1) 


= 4 A a;, 


= 


2T 

— r, 

w 


4 A = 


2T 


Tlie curve is, therefore, a parabola, the equation to which is 


xro 2 T 

w 


Again, if it is desired to find the distance from the origin O of the 
j)arabola to the tangent K, where the curve will join a straight 
line K L, let the inclination of the line be expressed as the tangent 
of tlie angle KLN, that is, ttic vertical height divided by the 
horizontal distance — e. g. 1 in 5 = *20, 1 in 3 = *3. 

Then 


tan K O N 


tan KLN 
o 



jT, tan K Ij N 



S/i 2 


but 

Vi 



“ 4A’ 


therefore 

4 A X tan K Tj N 





and 

4A = 2T. 

(2) 


w 



. • . 0 N - y> = ^ ^ ^ 

(3) 




152 


Hauling and Hoisting, 


Endless Chams — continued. 

Again, to find the tension, in anotlier place referred to as carrying 
tension, which must be applied in order that the chain may not 
trail on the ground : 

- = 2;; (•) 


• T = 

2 07 * 


(4) 


Of course, 07 must be a less distance than tlie height of the point of 
support on the Jmtch above the ground. 

For an output ()f 700 hutches i)er daj^ the following oncost would 
be required to keep the chain going, viz. : — One man at the toj), 
lianging on loaded hutches ; one boy at the top, attending to tlie 
brake ; one br?y at the bottom, lianging on empty hutches ; while 
the expense of upkeep of tlie incline would not be nearly so great 
as in an ordinary incline worked by a rop(‘, owing to the speed 
lieing so low. IV) reduce the cost of attendance as rnucli as 
possilde, tlie inclinations should Iwi arranged so that the empty 
hutches arriving at the top will detach themselves an<l run for- 
w'ard into the lyo, for further transit by horses or drawers; while 
the full hutches will detach tlamiselves at the bottom end and run 
forward to tin? pit-bottoiner, or into a lye if tlie foot of the incline 
is not near the pit-bottom. When tlie output is small, so as to 
allow of the chain going at a slow speed, the hrakesman may he 
dispensed with, the bencher being able to hung on and look after 
the brake as well. 

Tlie flath.'st inclination at which an incline of this kind will self- 
act depcaids on the corn]»aralive weights of full and empty hutches, 
on the w'eight of the chain, and on the friction of the hntchc'S and 
chain wheels. As the chain should not touch the grouml, there is 
no friction due to it, except that at the chain wheels, and the 
extra friction which its w^eight causes 011 the hutch whech. 

Jf W denotes weight of full hutches and chain on full siilo. 

» „ cnqity „ „ empty side. 

„ F „ friction of liutcln^s, chain, and wheels on full side. 

M empty side. 

„ I „ tangent of angle of inclination, or inclination ex- 
pressed as a fraction — i. o. for 1 in GO — I = 

Then, before the incline will self-act, 


(W X I) - F must be greater than (ic x I) + F 

(W - t6’)I>F-f/ 

F -f /* 

I> 


The inclination found from the above formula would be that on 




Hattlino and Hoisting. 


163 


Endless Chains — continued. 

which the surplus power of the full side would just balance all the 
resistances, so tliat the incline would I’cquire to be steeper than this 
in order that it nn'^ht self-act. 

The friction would require to bo assumed or found by experi- 
ment, while the proper size of chain may be found from the 
formula, 

D = 3 Vbreaking strain in tons ; or 
D = 3 V working load x tS, 

D being the diameter of chain in sixteenths of an inch, and S being 
tlie factor of safety, winch siiould Ixi at least 5. 

The working load on tlie chain is the greaicst tension T, which 
is 

T = (Wxl)— F-f carrying tension. 

The chain should not b(^ short-linkiHl, as the chain-plate becomes 
fixed between th(5 links of a short-linked cJiain, and tends to ])rcvent 
thii hutches from detaching automaticnlly. 

In an ordinary scjlf-acling incline the road must bo mor(‘, or loss 
uniform in gradient, for if steeper in some parts than in others the 
train must he run over the shop portion with gre at velocity in 
order that it may acquire suflicieut momentum to carry it through 
the flatter portion ; while in a great many cases it is impossible to 
work an incline bytmins at all if tlie flat portion of the road 
liappcns to be at the toj) and the steep portion at the bottom, as a 
start cannot be obtained. 

In working with a sidf-acting endless chain, if the average in- 
clinaiion of the road is not less than 1, as found fr m the formula, 
the incline will work no matter how undulating it is, provided the 
average inclination is calculated from the total length of the road, and 
not from the horizontal distance on the section. Tlie surplus power 
on a steep mine may be utilised for the purpose of drawing from a 
dook or level, not necessarily in the same straight line, by fitting 
the top wheel with a long shaft and putting on it a second driving 
wheel, or clip pulley, or rope drum provided with a clutch. In the 
same way water may he pumped, or almost any description of work 
done, if the power he sufficient. 

The advantages which a self-acting endless chain ix)ssesses over 
an ordinary incline may be summed up shortly as follow : — 

(1) Small cost of upkeep of rolling stock, owing to slow speed 
causing few breakages. When a hutch goes ofl' the road the oijain 
stops. 

(2) Regularity of delivery. The hutclies arrive at the pit-bottom 
in sucli a mauner that only very short lyes are required, and con- 
sequently the travel of the bottomers is diminished. 
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Endless Chains — continued. 

(3) Wiicn the output exceeds 100 tons a day, and probably 
before it, it can be worked much cheaper than an ordinary self- 
acting incline. 

(4) Length makes no difference in tlie output or cost furtlier 
than tile increased upkeep of the road, where.as the difliculties 
in the way of drawing with a “cousie” increase with tlie length. 

(5) Mucli less expenditure is required in making benches, as no 
long trains require to b(‘ collected on the incline as in a ccu.^o. 

(0) Th(^ cost for chains is less than for ropes, as a g(jod chain will 
last 12-18 years. 


Hauling and Hoisting: Electrical Eauhnjc. (Tallis.) j 

The various losses in an economical installation should not 
exceed the figures in Table 81 to obtain 20 H.l*. in the ropes of 
the two branches respectively. 


Table 81. 



Per 

cent. 

On 

11. 1\ 

Loss in 

Electric 

Loss 

H.P. 

Mecliani- 
cal Lobs 
II.P. 

]. Loss between steam-engine and ter-| 






iniuals of generator, or in beliingV 
and generator ) 

20 

80 

16 

6-0 

10-0 

2. Loss in cable to No, 1 motor .. 

10 

64 

6-4 

6-4 


3. Loss in No. 1 motor 

10 

27-95 

2-8 

2-8 


4. Loss in glaring between No. 1 motor) 
and rope / 

20 

26 

6-0 


6-0 

5, Loss in cable fn-m No. 1 to No. 2i 
motor / 

6 

29-65 

1 1-7 

1 

1-7 

.. 

6. Loss in No 2 motor 

10 

27-95 

1 2-8 

2*8 


7. Ijoss in gearuig between No. 2 n.otor» 
and rope .. 

20 

25^ 

1 6-0 


6-0 

Total loss 

i •• 

1 

•• 1 

39-7 1 

19-7 

20-0 


The summary of the losses being nearly 40 H.P., it would 
require a steam-engine of 80 H.P. on surface to provide 40 H.P. in 
the haulage-ropes underground, an efficiency of 50 per cent., which 
will compare favourably with any existing system under the same 
conditions. It is possible tliat this efficiency can bo considerably 
increased, and probably will be; however, there should be no 
difficulty in getting engineers to guarantee the above efficiency. 
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Hauling and Hoisting : Electrical Haulage. (Tallis.) 
Approximate cost of plant for installation of two electric 

motors, situate respectively at 2500 and 2000 yd. diataiit from the 
generating station on surface. 


TwoeLiif'le horizoiital 15-in. cylinder engines, coupled, stroke j 
30 in., with 1 2 ft. fly-wheel to receive driving-belt, auto- 1 
inatic governor, expansion gear, and side-feed lubricatcrr 

to each cylinder | 

Driving l)elt, 16 in. diameter, leather 

Jjyiiamo to give 50,1)00 watts at .500 volts and 4H0 revs, per 'k 
minute, current and potential indicat4)rs, cut-outs, > 

8witche.s, &c ) 

4000 yar»ls sliealhed cable, equivalent to 0‘.5 in. diameter, v 
solid copper rod, consisting of 37 strands of tinried 
copper wire, covered with one lap of pure and two 
layers best vulcanising rubber-coated rublmred tape, 
and the whole vulcanised t -gether, ftirther served witl) 
jute atid shf-athed with 20 galvanised iron wires, 0 • J 69 in. 
diameter, and finally coated with three coats compound 
and iwi) re^iervo tapes; finished diameter 1 *48 in. . 
1020 yards sheathed c<ible, equivalent to -317 in. diameter, \ 
stdid cojipcr rod, consisting of 19 strands tinned copper! 
wire (insulation us above), sheathed with 20 galvanised \ 
iron wires 0- i:u in. diameter, finally c^mted and taped ; J 

tlnished diameter 1 • js in ) 

Two 3U-H.P. motors, at 420 revs, per minute, alMJorbing > 
about 23,000 watts 5 


d. 

0 

0 

0 

0 

0 

0 


Foundations, eugirKt-lumses, steam-pipes from boilers, labour, 
drums, gearing, and erection, extra. 


Hauling and Hoisting : Electrical Haulage. (Lebreton.) 

At Zaukeroda exiterimouts have been made to determine the 
efficiency of the system. As measured between the indicated power 
of the steam-engine driving the generator, and the useful work 
done by the locomotive, it is 30 per cent. : as measured between 
the power absorbtid by tho generator and the power absorbed by 
the motor, it is 40 * 6 per cent. The cost of working is given as : 
11s. for GGO w^agon-loads in IG hours, to which must be added 
8s. \d. for interest and depreciation at the rate of 15 per cent., 
making a total of 19s. lOd., or 0*3Grf. per wagon. 

Table 82 shows the cost as compared with previous results for 
traction by horses and men ; — 


Table 82. 




Cost of Electrical 
Traction, including 
J.)epreclatioa. 

Cost of Horse 
Traction. 

Cost of Traction 
by Men. 



d. 

d. 

d. 

For 660 wagons 

.. .. 

0*36 

0*45 

0-74 



Reduced to ton-miles. 


1 * 

- .. 

1 2-0 

1 

1 

4‘1 
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1 

Co?it of installation £ 

Interest and depreciation per ton-mile d.\ 

Cost of working per ton-mile . . . . d. 

Total cost per ton-mile d. 

Daily ton-miles 

Distance traversed yd . 

Speed yd. per minute 

Weight of locomotive tone 


The increased cost of ventilation of the mine, when a steam locomotive is used, is not taken into account. 
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Table 84. — ^Haulinit and Hoisting : Comparison of Haulage Systems, 
(Lebrcton.) 


System. 

Tons drawn 
per Shift. 

Length of 
Line. 

Cost per 
Ton-mllo. 



yards. 

d. 

Tail rope 

4S0 

21.3(1 

1*15 

Endless rope 

429 

11)5(1 

1*25 

Eloatini^ cable 

4();{ 

H5(l 

0*83 

Trailing „ 

.325 

1400 

2- 01 

Cable ir) Cadzow Colliery, Ham il ton . . 

812 

13 111 

1 *33 

Electrical 

•• 


0*9 


Table 85. — Haitling and Hoisting : Comparative cost of the various 
haulage systems redaecd to a tonnage of 400 tons over a distance of 
2200 //(/., interest and dej^n'oeiaiion at 15 per cent, on first cost being 
allowed for. (Vogel.) 

d. 

1. Self-acting chain 0 • 45 per ton-mile. 

2. Elocjirical locomotive 0*88 „ 

3. Endhiss chain 1*31 to 1*46 „ 

4. Various systems of traction by cables I’GO „ 2*00 „ 

5. Horses .. .. .. .. 3-24 „ 


Hauling and Hoisting : Windmg Engines. (Haswcll.) 

With winding engines, for drawing coals, etc., out of a pit, where 
it is required to give a certain number of revolutions, it is necessary 
to have given diameter of drum and thickness of rope, which is ilat 
made, and contrariwise. 

To Compute Diameter of a Drum, where Flat Eop)es are used atid are 
wound one part over the other. 

Eule. — Dividt.* depth of pit in in. by product of number of revolu- 
tions and 3’ 1410, and from quotient subtract product of thickness 
of rope and number of revolutions; remainder is diameter in in. 

Ex. — If an engine makes 20 revolutions, dei)th of pit being 
600 ft. and rope 1 in., what siiould be diameter of drum ? 

■1 = 


To Compute Diameter of lioll. 

Rule. — To area of drum add area or edge surface of rope ; then 
ascertain, by inspection in table of areas, or by calculation, diameter 
that gives this area, and it is the diameter of roll. 
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Winding Engines — continued. 

Ex. — What is the diameter of roll in preceding example? 

Areaof01*59 = 7027*2 + (area of 7200 x 1) = 7200 = 14227*2, 
and V 14227*2 -r- •78r>4 = 1.51-85 in. 

Or, radius of drum is increased number of revolutions multiplied 

94 ■ f)9 

by thickness of rope ; as - - - — J- 20 x 1 = ^7 * 295 iu. 


To Compute Nw)iJ)cr of Jlevulutions. 

Itiilo. — To area of drum add area of edge surface of rope; from 
diameter of the circle having that area subtract diameter of drum, 
and divide nmaiiulcr by twice thickness of rope; quotient will give 
niimher of i (‘volutions. 

Ex. — Length of a rope is 2(500 in., its thickness 1 in., and 
diameter of drum 20 in. ; what is number of revolutions ? 

Area of 20 + area of rope = 314* 1(5 + 2(500 = 2014*10, diameter 

of whi<di is 00*01, and =r 20*45 revolutions. 

1x2 

Or, subtract diameter of drum from diameter of roll, and divide 
remainder by twice thickness of rope; as 00*01 — 20 = 40*01, 

and 40*01-4- 1 x 2 = 20*45 revolutions. 


To Compute Point of Meeting of Ascending and Dcsccndmg Buckets when 
two or nwre are m( d. 

To Comjmte Point of Meeting of Buckets, llulo. — Divide sum of 
length of tui ns of rope by 2, and to quotient add length of last turn ; 
divide sum by 2, multiply quotient by half number of revolutions, 
and product will give distance from centre of drum at which 
buckets will meet. 

Note 1. — Meeting will always he below half depth of pit. 

2. — At half number of revolutions buckets will meet. 

Ex. — Diameter of a drum is 0 ft., thickness of rope 1 in. ; and 
revolutions 20 ; what is d('pth of pit, and at what distance from top 
will buckets meet? 


To Compute this Depth. Buie.— To diameter of drum add thickness 
of rope in ft. and ascertain its circunderence ; to diameter of drum 
add quotient of product of twice thickness of rope and nujnber of 
revolutions le ss 1, divide by 12 for a diameter, and circumference 
of this diameter is length of last turn, also in ft. ; add these two 
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Winding Engines — continued. 

lengths together, multiply their sum by half number of revolutions, 
and product will give depth of pit. 

9 4 thickness of rope = 9 4 of 1 = 9 • 083, 
which X 3*14:1G = 28*54 ft. = length of first turn. 


9*0833 4 


1 X 2 X 20 ~ 1 
12 


X 


3141G = 38 - 48 ft. = ^ 


length of 
last turn. 


Then 28*54 4 38-48 x = 07*02 x 10 = 070 * 2 ft., depth of pit. 


Winding Engines with Flat Ropes coiled on Drum, (Molosworth.) 

To find the place of meeting for ascending and descending 
skips : — 

t = thickness of rope in inches. 
n = mini her of revolutions of the drum. 

X = the (Jistanee below half the depth of the pit at which the 
ski])s will meet iu yd. 

X = -0218 i. 

To find the diameter of the winding barrel for flat ropes ; — 

P = Depth of i)it in ft. 

R = Number of revolutions of engine. 

T = Thickness of rope (in.). 

D = Diameter of winding barrel in ft. 

12 P- 3 - 1.5 Jl^T 

37-7 It 

Safe Load on Chains, (Molesworth.) 

I) — Diameter in eighths of an inch. 

\V = Wnfc load in tons. 

D = V w; 

W = ~ = 7 -111 (it-, wliere 
(I — Diameter of iron in inches. 


Table 86. — Working Load of Chains, (Molesworth.) 


Diam. in 

4 1 

5. 


-/,( ' 


i ' 



! 1 

Load 

•-U 

•to 

i-« 

1-36 

1*78 

j 2-25 

2-78 

3 36 

4*0 

Diam. in j 

.l.I» 1 

i ^ ^ 

1 * 

1 

H 

u * 

11 

1 n 

1| 

Load 

4*69 

I 5 44 

1 6*25 

7-11 

9 

11*11 

1 

1.3*44 

16-0 

21*78 
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Table 87 . — MuUt Tailropcy and Electrical Haulage compared. 


(Pocock.) 

(a) Mule Haulage, First Cost. £ 

16 large mules at 85/. each 560 

16 sets of harness at 4/ 64 

624 

Interest, Depreciation, &c. 

20 % depreciation on 560/ 112 

6 interest 88 

145 

Working Expenses for 200 days. 

16 mules, harness, shoeing, feed, care, at Is. 8(i. per diem .. 200 

8 drivers at 7s. per day 728 

Total yearly expense .. .. 1133 

Or, on 260,000 tons yearly, 1 -045^. per ton. 


(1)) Tail rope Haulage, First Cost. 

Pair of 1 1 X 20 in. engines, 150 rev. a minute 400 

18,000 ft. of 1 in. steel rope 691 

150 rollers, x 7f in 187 

100 sheaves 2 ft. diam., and 1 sheave 6 ft ’ .. .. 840 

Cost of ercKJtion, &c 200 

Boilers 800 

2068 

Interest, Depreciation, &c. 

6 % on 2068/ 124 

Engine, depreciation 10 repairs 5 ^ 60 

Boilers „ „ „ 45 

Hopes, life 1 year 691 

Sheaves, life 2 years 170 

Rollers, life 1 year 137 

1227 

Working Expenses for 260 days. 

Engineer at 10/. a month 120 

Boilei* attendance. 60 

Trip rider, at 78. a day .. .. 91 

Oil and waste 60 


Total yearly expense . . . . 1558 

Or, on 260,000 tons yearly, l*438d. per ton. 
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Table 87. — continued, 

(c) Electrical Haulage. First Cost. ^ 

E Define, generator, and motor 2500 

Boiler 200 

Wire, insulators, switches, &c 2G0 

Labour of erection 250 

3210 

Interest, Depreciation, &c. — 

Interest, G % on 3210/ 102 

Depreciation on moving parts, 10 % on 2700/ 270 

Repairs on moving parts, 8 % 216 

Depreciation on standing parts, G % on 510/ 31 

Repairs on standing jiarts, «% 

Working Expenses for 260 days. 

Engineer at surface, at 10/. a mouth 120 

„ on motor, at 8«. a day 104 

Trip rider, at 58. 4d. a day 70 

Oil and waste 30 

Sand 20 

Total yearly expense .. 1081 

Or, on 364,000 tons, 0’715d. per ton. " 

Table 88 . — Tests showing Extra Stress upon a Hoisting -Rope diu 
to a Few Inches of Slack Rope. (Roberts.) 

First Test. Strain in 11 

No. 1, empty cage lifted gently 4,030 

No. 2, „ „ 4,030 

No. 1, with 2i in. slack rope 5,600 

No. 2, „ 2i „ „ „ • 5,600 

No. 1, „ G „ „ „ 8,950 

No. 2, „ 6 „ „ „ 8,950 

No. 1, „ 12 „ „ „ 12,300 

No. 2, „ 12 „ „ „ 12,300 

Second Test. 

Cage and four empty cars weighed by machine .. .. 6,375 

No. 1, cage lifted gently 6,725 

No. 2, „ „ 6,725 

No, 1, with 3 in. slack rope .. ., 11,200 

No. 2, ,, 3 „ ,, „ ,, ,, ,, ,, ,, 11,200 

No. 1, „ 6 „ „ „ 12,250 

No. 2, ,, 6 ,, „ ,, 12,250 

No. 1, „ 12 „ „ „ 15,675 

No. 2, „ 12 „ ,, ,, ,, 15,67.5 

M 
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Third Test. 

Strain in lb. 

Cage and full 

cars weighed by machine .. 

.. .. 11,300 

No. 1, 

cage 

lifted 

gently 

.. .. 11,300 

No. 2, 




•• 

.. .. 11,525 

No. I, 

with 

3 

in. 

slack rojK) 

.. .. 19,025 

No. 2, 


3 



.. .. 19,025 

No. 1, 


d 



.. .. 23,500 

No. 2, 


d 


>» 

.. .. 25,750 

No. 1, 


i) 


,, ,, . . . . . « • ■ 

.. .. 27,950 

No. 2, 

?» 

9 


5 » )> •• * 

.. .. 25,750 


Koepe System of Winding from Shafts (Hughes). 

Koepe’s system of winding consists in 8u])8tituting for tlie ordinary 
cylindrical djiim a grooved pulley round which ihe rope makes 
rather more than half a turn, and thence passes over the pit-head 
pulh.ys and down the two divisions of tiie shaft. 'J'he balance rope 
beneath the cage is not a peculiarity of the system, as it inis been 
applied for a long time to winding-engines where ordinary cylin- 
drical drums are used. Experiments on the Keopo system have 
shown that with the rope passing only one-half turn round the 
driving-pulley, the co-elficient of adhesion betwcjen steel rope and 
wood rim is in practice 30 per cent., which fidmils of a great excess 
being placed on present ascending loads before any slip can occur. 
That no slip actually results in practice (under the usual working 
conditions) is shown by the fact that at Bestwood colliery the 
winding tab's place at the upcast shaft which is cased in, and the 
cages are entindy out of siglit of the engineer, who Inis to rely 
entirely on the indicator, and under these circumstances has no 
diflSculty in landing the load. It is, however, evidemt that when 
the cages reach the lamliiig-places and rest on the sto])s (if any are 
used) the weight is r(!mov(;d from the rope, and sufficient adhesive 
power may not exist on the rim of the motive-pulley to enable the 
loads to bo restarted. This can be guarded n gainst by dispensing 
with stops altogether (as is done at the Sneyd colliery), or by con- 
tinuing the rope past the cages by means of cross-heads above and 
below each cage, connected together by side pieces passing outside ; 
the bridle chains are hung from the top cross-head, and when the 
cage rests on the tops the weight of the winding- and tiiil-ropes 
still remains on the motive-pulley. This is the arrangement used 
at Bestwood. The single winding-ropo at the Hanover colliery 
has been found to last more than twice as long as the two ropes 
formerly adopted. The chief advantage of the system, apart from 
the perfect equalisation of the load, which can also 1^ obtained in 
any engine with ordinary cylindrical drums, consists in doing away 
with the drum, which in many instances weighs (10 tons, and has of 
course to be set in rapid motion and stopped in a short space of 
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Koepe Winding — continued. 

time, causing a large waste of energy. The Koepe system of 
winding has been adopted at Oberliausen and Westhausen in 
Westphalin, Stjissfurth, in Up|)er Silesia, and Bestwood and Sneyd 
colleries in England, but has been abandoned at Oberhausen and 
Westha\isen, possibly because brt^akage of one rope would cause 
the stoppfige of both sides of the pit. After seven years’ successful 
working, Koepe’s system has been lately abandoned at Bestwood 
for two reasons : the management do not consider it safe, and 
slipping of the roj)c takes ])lace every time it is oiled; this slipping 
commences immediately oil is apjdied, and after a time ceases 
altogether, to re-start, however, at the next oiling. Tliis action is 
very olijcctionable at Bestwood, for, as before stated, the engineman 
has to rely entirely on the indicator for landing the cages, as he 
cannot see them when they reacli tlu^ surface, owing to the top of 
the shaft heing cased in. Against the.'-e alwndonments we have 
the fact that no accident has occurred at the Hanover pit since the 
installation was put down in 1877; indeed, the life of winding- 
ro2)os is increased as before stated. The system is also giving every 
satisfaction at the Sneyd colliery in North Staffordshire. 

Havj JNG AND Hoisting : JToktlng in the Future (Wheeler). 

Tlnory indicates that tapered roj)es have no limit in depth, and 
consequently that, by tapering ami coinitcrbidancing, ropes maybe 
used in the dcepe.4. mines; but practically, in using flat ropes with 
reels, as now nm'le, there is great risk of the rope slipping off the 
top coils and jamming d(mn in the narrow V-space between the 
side of the reel and the coiled rope, with dangerous consequences, 
iflthe rope tapers to half its extreme width. By using a guide- 
sheave to wind the rope liard against one side of the reel, tiiis 
danger may be oveicomc, though at the expense of more rajiid 
wear of the rope, especially of the lacing. Flat ropes are now 
successfully and easily made of tapering section, and perhaps a 
better device can be used than the guide roller, to avoid jamming 
in the reel. 

Bound ropes are made tajiering, and if the drum is grooved to 
properly receive the rope, it gives no trouble in winding like the 
flat rope. But American rope-makers do not advocate round 
tapering ropes, on account of tho difficulty of manufacturing with 
perfect reliability. 

If tapered ropes are ignored on account of their greater cost, and 
because of the objections of manufacturers, cylindrical ropes may 
still be used for unlimited depth by submitting to the low efficiency 
of the system when adopted at very deep shafts, necessitating a 
break of journey. While such a system of establishing interposed 
hoisting stations, with engines run by compressed air, whenever 
the rope becomes inconveniently long, can be carried on indefinitely, 
the outlay for plant becomes so great, the extra labour and time 

H 2 
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Tn the Future — Ciiiitiiiued. 

involved in changing cages at the intermediate levels are so 
expensive, and the efficiency of a compressor-plant is so low, with 
its consequent hciavy fuel consumption, that the enst of installation 
and the operating expenses are enormous. 

Tiie simple, first-motion, cylindricnl rope-hoist, constructed with 
the lastest improvements, possesses tlie advantages of a minimum 
cost of instHllation, the ciieapest operating plant, and the greatest 
capacity of all known systems of hoisting. The following sugges- 
tions show where it may he improved. 

(a) By Counterbalancing the Dead Load. — If the system is 
arranged du|)lcx, or with a double-compartment shaft, the dead 
loads of the cage and cars counlerhalanco one another ; and if the 
ropes are counterbalanced, which is perfectly effected by an iinder- 
rope, then there remains only the work of raising the coal or live 
load plus the small effort necessary to overcome the friction due to 
the dead load (rope, cage, cars). Hence only a moderate-sized 
engine is called for, instead of the large engines so frequently seen 
at deep mines. 

(/>) By Using a Smaller Factor of Safety for the Rope. — For 
hoisting ropes, the factor of safety should bo made as low as possible, 
consistent with uncertainty in manufacture, abuse in use, sufficieut 
margin to permit the reduction in section due to wear, and a 
working-strain safely below the limit of elasticity. The larger the 
factor of safety us(?d, the greater is the section of the rope for a 
given load. Tliis increases the dead load due to the rope’s ow'n 
weight, which even if counterbalan(;ed augments the mass to be 
put if) motion each trip, with the consequent strain in starting. 
The increased size of tJie rope decreases its life, as th() gr(*ater the 
diameter, otlier things being equal, the more severe are the bending 
sfrains and the quicki.T the rope destroys itself. The factor of 
sai'ety usually taken for steel ropes is 7, with 5 as a minimum and 
10 as a maximum. For standard praetiee I would advise 4, 
provided — that the d'ametcr of the sheaves and drums be at leant 
100 times the diameter of the roj>e for slow hoisting, and at least 
150 times for fast hoi.>ting; that a spring be interposed between 
the cage and the rope-capping, to ease the sudden strain in 
starting; that the rope be kept properly oiled; and that the rope 
be inspected daily for its entire length, for careful observation of 
the condition of the wires and prompt rejection of the rope when a 
certain number are broken. 

Lagging the sheave vrith wood, having the engine set far enough 
from the shaft to avoid side-thrust and consequent lateral wear of 
the rope at the sheave and drum (carrying the rope on wooden 
rollers from the sheave to the engine if necessary), and carefully 
maintaining the entire hoisting-plant in proper alignment, will 
prolong the life of the rope in spite of the smaller factor of safety ; 
and thus the safe working-length of a li in. cast-steel rope, when 
sustaining a 3-ton cage-load, may be increased from 3000 to 7500 ft. 
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In the Future — continued. 

By decrensiiig the speed of hoisting, the wear of a wire rope is 
diminislied ; but this necessitates increasing the load to maintain a 
given output in the same lime. Aside from the other disadvantages 
of excessive load, the maximum size of the cars used is frequently 
fixed by conditions that it is not economical to change in order to 
use large cars. Hcjnce the mt>rc rapid wearing out of the ropes 
lino to high speed in deep hoisting is willingly tolerated, in order 
to secure the capacity and economy due to fast hoisting; and the 
tendency of tlie times is to use larger and more powerful engines 
in order to obtain higher speeds as the mines become deeper ; so 
tliat this method of ])rolouging the life of a rope is not in favour at 
present. 

(c) By Use of Best Material for the Hope. — Very soft steel ropes 
possess the greatest flexibility, but they are deficient in strength, 
as tlie material has a breaking-strength of only about 60,000 lb. to 
the sq. in. Tlic best grade of plough-steel, on the contrary, has a 
strength of 300,000 11). per sq. in., but does not always give satis- 
faction as used with sheaves only 50-100 times tlie diameter of the 
rope, since the wires br(‘ak too readily under such sharp bending. 
But if used with sh(,aves and drums 150-200 times the diameter of 
the rope, and if the win^s are laid at an easy pitch with the “ Lang 
lay,” no such trouble should arise. With such a Idgh-grade plough- 
steel rope of I-J ill. diuin., the safe working-hmgth, using a factor 
of safety of 4, would now be about 30,000 ft., or 12,500 ft., 
with 10 as the factor of safety. Tlie very low specific gravity of 
alumininm, 2*6, which is about one-third of that of steel, and its 
great strength, make it an ideal metal for a dtep-hoisting rope, 
where a minimum of weight and a maximum of strength arc 
demanded. If this metal or its alloys should prove to have the 
requisite flexibility, toughness, and strength, to make a reliable, 
durable liois ting- rope, the question of deep-hoisting with only 
cylindrical ropes is again settled beyond all cavil. 

(d) By Designing tho Cage with a Minimum of Weight. — As 
mines get dtejior, economy deiminds tlie use of 3- or 4-, or even 
6-deck cages. The prevalent objection to multiple-deck cages is 
the time required in decking, even if tlie decking is carried on 
simultaneously from two landings or levels. To deck from more 
than two or at most three landings or levels at once makes the 
stations very complicated underground, and is not desirable, even 
should the surface-plant bo so arranged that there is no objection to 
having tiie ore or coal coining off on two or three levels. But with 
facilities for accommodating both loaded and empty oars at the 
landings, with sufficient help to quickly handle the cars, there is 
nothing to prevent loading and unloading a 6-deck cage in 30 
seconds, or 5 seconds per deck. A multiple-deck cage, with only 
one car on a deck, can be designed of steel, with a very light, and 
yet stiff strong frame, in which the ratio of the cage-weight to that 
of its contents is very low. 
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Safety Cages, 

The safety of the miner does not depend only on the description 
of safety-cage used, but also oti the care which is taken to keep it 
in ordfT, the reliability of the springs, the evenness, strength, and 
size of the runners, and the condition generally of the shaft. 
Coges that have proved effective under the most severe trials, 
when in good order, liave utterly failed wlnm they have been 
neglected, or when the springs have been faulty. 

The different varieties of safety-cages may be divided into five 
classes : — 

1st. Those which have grippers acting on the sides of the skids 
or runners, and in which the weight of the cagti keeps the 
grippers apart, wliilst, if the rope breaks, they are made 
to grip the sides ot the skids by means of springs. 

2tu1. Those where, on the rope breaking, two chisel-pointed 
gri[)pcrs strike and enter the face of the skids. 

Sri. Those that arc furnished with arms that strike into the 
sides or ends of tb (3 shaft, and whicli, like the two 
fornu r, are kept from acting by the weight of the cage, 
wliilst, should the rojio break, the arms are thrust out by 
springs. 

4th. Tliose tliat have wedges or rollers noting on the sidc^s of the 
skids or runners, and in whicli the weiglit of the falling 
cage forces tin; wedge or roller into contact with tlie skids, 
and so stops the cage should the rope break. 

5th. Those that are independent of the weight of the cage and 
act by specific gravity. 

The test usually given to safety-cages has bcon by sevi ring the 
connection between the cage and the rope at the shackle immedi- 
ately above the cage. But a more s(‘V(3re h'st should be apjilicd, to 
allow for the influence that the backdrag of the rope between llio 
winding-gear and the pulley-wheel would have, in case the rope 
should break at the winding-gear, somewhat as follows : — A clamp 
is fixed to the windiiig-ro])e, close to the drum, and, by means of 
chains, securely fastened to a bar or timber near the drum. The 
winding-rope is then slacki ncd for several feet, and so placed that 
it can mu fri'ely. By means of a slip-hook, the clamped rope is 
then suddenly liberated, and the result is noted. This test should 
be made at the surface with an empty cage and an empty or full 
truck on, and at a conv(*nieut levtd at some distance below the 
surface, also with an empty cage and an empty or full truck on the 
cage. With this test it will be found that some cages will fail 
altogether, some will fail on the surface, but will act well a certain 
distance down the shaft (owing to the b.ick-diag between the pulley 
and the drum being counterbalanced by the weight of the rope 
down the shaft). 

In addition to the safety appliances brought into action when the 
rope breaks, several cages are fitted with a hand-lever, by which 
the cage can be stoppi d by the miners themselves whilst in the 
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Safety Cages — continued. 

cage. In some cases the haud-lever is attached to the main safety 
appliances, whilst in others it is independent of them, and is an 
additional safety-appliance actuated by hand. This is a desirable 
adjunct to a safety-cage, and may be the moans of saving life when 
the cage is being lowered into water, gas, or foul air. The hand 
appliance separate from the main safety appliance is preferable to 
tliat connected with it, both because it forms an additional holding 
power, and also because it takes up less room in the cage, whilst 
equally efficient. 

The grippers, which form a very important part of safety appli- 
ances, are of many ditfert.nt shapes or designs, as {a) chisel -pointed 
and cutting into the runners, (/>) with serrated or embo.<sod sides 
that present considerable holding surface to the skids, (c) with 
several teetli that by an eccentric motion claw the runners, (d) a 
gripper on one side only, whilst an iron check-plate is fixed to the 
other side, the skid being firmly held between the giipper and 
check-plate when the appliance is in action. The chisel-pointed 
gripper is quick(;st in action and least liable to slip, and one gripper 
with a check-plate on the other side is in some cases preferable to 
a gripper on each side. 

The shoes of the cage should fit the skids or runners, to admit of 
the grippers being set in their proper position. It is well to make 
the shoos large enough to enable steel liners to be fitted into them, 
which can easily be r(;newed when worn. 

The springs upon which depend the action of the safety appli- 
ances arc of numerous designs — (a) spiral, (?>) flat and like a 
coach or buggy spring, (r) with a sprial band, (d) of rubber in a 
state of tension, (e) with a block of rubber compressed. Where 
6ne spring alone is used, the flat or coach spring gives very good 
results ; but wliere four spiral springs acting directly one to each 
gripper are used, the results are equally good. Rubber springs in 
tension luive not proved equal to steel springs. In some instances 
the springs are confined in a square case so that they are not 
visible ; but where possible they should be exposed to view, so that 
their condition can be easily seen and readily tested. Where the 
winding is very raiJid, there is a severe strain upon tlie springs, 
both from the shock of the C4xge coming to the bottom, and also 
from the sudden pull when the cage is lifio I with a load, the work 
being too rapid to allow of its being done gently. As many as 800 
cage loads are brought up in a shift of 8 hours, and from the conse- 
quent strain on the springs the latter have to be renewed very 
frequently. The springs should be sufficiently strong and in good 
order, and should be close up to the work, so that the safety 
appliances act instantaneously. It must, however, be borne in 
mind that if the springs be too finely set, the appliances are liable 
to act when not required, in quick winding or from the oscillation 
of the rope, which is a source of danger ; and managers should be 
Ciirefiil to ascertain that the springs arc at the correct i»oint of 
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tension so that they will neither cause the cage to catch in the shaft 
nor fail to make the safety appliances act instantaneously in case 
of the rope breaking. 

Safety-hooks, although not forming part of the safety-cages, are 
intimately connected with them. A great number of accidents 
have been averted by their use. 


Permanent Way, 

An improved system of chairs and sleepers has lately been 
brought out by the Chair and Sleeper Company (Limited), Whines, 
Lancashire.* In Fig. 11, A is a spring clip riveted to the sleeper. 



Fig. 11. 

d 


Improved System of Cliairs and Sleepers. 



and is hammeied round on to daiige of rail to fasten it. Two of 
these spring clips are used for joint sleepers. B is a fixed clip, 
but for light jiit rails a small spring clip is riveted to ono side of 
the sleeper only. For ordinary tram rails, for which all the 
advantages of a fished joint without any of its disadvantages arc 
claimed, a method is adopted in which the ordinary back-clip of 
the sleeper is widened and lengthened out till it assumes the 
dimensions of an ordinary fishplate. This is riveted to the sleeper, 
and has suitable studs projecting on it, which engage into the 
ordinary fishholes of the rail wlien it is placed on the sleeper. 
The steel spring clip, which is made of tlie best steel, and riveted 
to the sleeper on a washer, so that it can revolve, is then hammered 
round, until the end of it mounts the flange of the rail— one corner, 
only, of the clip being turned up, to give it a start on the flange. 
A great strain is thus put upon the clip, and it is somewhat lifted. 
This stmin, combined with the elasticity of the steel, is so adjusted 
to the different sections of rails as to take up any w’ear there may 
be on the rail ; thus always forming a tight fastening, and holding 
up the rail against the back fishplate, which thus takes all the out- 
ward thrust of the railway wheels. The steel revolving clips have 

• The 80me firm have many other improvements in rails, sleepers, and fastenings. 
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Permanent Way — continued. 

square coiners, wliich spring up against the web of the rail, and 
thus prevent them from turning round or working loose. By this 
means, it will be seen, the rails are not only fastened to each other, 
but also at tho same time to the sleeper, a great advantage, esi>eci- 
ally on inclines. The saving is apparent when it is stated that 
nothing but a hammer is required to lay a railway by this system, 
and consequently any unskilled labour can be used. 

Aerial Wire Rope Tramways. 

Aerial wire rope lines are specially suited for mining purposes, 
and besides being used for the transporting of ore, coal, slag, &c., 
are now being Adopted for the carriage for all kinds of goods where 
an ordinary railway cannot well be employed. 

By means of these lines the steepest gradients can be surmounted, 
and rivers, buildings, (S:c., easily passed over. Loading and un- 
loading can go on during all weathers, as the working of the line 
is not interfered with by rain or snow. Comparatively inexpensive 
foundations are required, and the number of men employed is 
reduced to a minimum. 

Aerial lines cannot be worked satisfactorily round curves^ care 
should therefore be taken when setting out one of these lines to 
have the loading and unloading stations so situated that the rope- 
way can be carried in a straight line from one to tho other. If this 
is not possible, one or more so-called angle stations must be 
employed ; these, however, increase the cost of working, and should 
be avoided unless absolutely necessary. 

There are two systems of aerial lines, the single rope and tlie 
double rope. 

The single rope lines have an endless running rope, which at 
the same time does duty for carrying and hauling the buckets. 
The buckets are either rigidly attached to tho rope, or are 
suspended by means of a saddle which grips the rope by friction. 
These lines are cheaper and simpler than the double-rope ones, and 
are suitable for light loads and easy gradients. 

The double rope or “Otto” system employs an independent 
heavy fixed rope for carrying, and a light running rope for hauling 
the buckets. The usual loads for the single lines are 2-3 cwt., for 
the double lines 5-8 cwt., in special cases, up to 10 and even 20 
cwt. can be carried. The steepest gradients can be worked with 
safety by the double lines ; the buckets aro attached to the hauling 
rope by means of special grips, and travel at about 300 ft. i>er 
minute. The double lines are capable of transporting 60-80 tons 
of ore per hour, and of working over very long distances. 

The supports are either of wood or iron, and are usually two- 
legged, four-legged supports only being employed at points where 
the strains are very great. 

Spans up to 1500 it where necessary can be adopted ; but such 



170 


Hatjuno and Hoisting. 


Aerial Tramways — conti iiued. 

very large spans are net recommended, unless the soMjtion of the 
ground absolutely requires it. For fairly even country, the supports 
are generally placed 100-200 ft. apart, according to tlie quantity 
of material to be tranH])orted. 

The following particulars of Otto’s double rope system have 
been furnished by Coinmans & Co., 52, Gracecliurch Street, Lon- 
don, E.C. : — 

Ordinary wooden supports cost 45/. a piece ; iron ones 8-1 OZ.; 
high standards jiroportionately more. 

The carrying ropes h.ove usually a diameter of 1-l.j in. for the 
loadoil rope, and in for the unloaded ; tlie hauling rop('. has a 
diamettTof iu.,necording to the length of line an<l the quantity 
that has to be transported. It is not advisable to make the section 
of a line more than miles long. 

The power rcijuired for driving these rope ways is very small. 

The cost of ropeways of course varies very considerahly, accord- 
ing to the quantity of tlie material to bo transported, and the nature 
df the cfmntry to be crossed. Th(j ironwork for a line, including 
ropes, buckets, and terminal gear compUde, but exclusive of su})- 
ports and erection, would cost approximately l()00/.-1500/. per mile 
for the single rope system, and 1200/.-2()0()/. })er mihs for the 
double rope system, according to the quantity carried. 

The cost of erection deptmds so much on the ])itrt of the world in 
which the line is to be employed, and the cost tliere of labour and 
material, that it is impc»ssible to give anything like a reliable figure 
for this. 

The subjoined particulars, furnished by Bnllivant & Co., 72, Mark 
Lane, Lomlon, K.C., will enable the reader to form an idea of the 
cost of any tramway he may contoiiqdate erciciiiig, but as the price 
varies greatly according to tlie ground ])as8ed over and the material 
to be trans})()r.ted, it must be borne in mind that the amounts given 
are purely approximate. 



1 50 Ton 

100 Ton 

■ 200 Ton 


i per 10 

per 10 

per 10 


hours 

hours 

hours 


Line. 

Line. 

Line. 


£ 

£ 

£ 

1. Hope, pulleys, and rolling stock for a length not) 

310 

460 

580 

exceeding one mile fier mile) 

2. Driving and tight-ening gears with shunt rails Ibi ) 

60 

130 

170 

a tramway, one mile or less in 1-ngt.h . . . 

3. Rope, pulleys, and rolling stock for a length not) 

340 

490 

620 

exceeding 3 miles, hut over one mile, per mile/ 

4. Driving and tightening gears with shunt rails for 



300 

a tramway not exceeding Smiles in length, butl 
over one mile ) 

120 

250 


5. Angles, giving any degree of deviation. . . .each 1 

25 

35 

45 

6. Packing, &c . . , . about j 

20 to 30 

30 to 40 

40 to 50 
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Aerial Tramways — continued. 

To which must be added the cost of wood posts, and engine 
power. The former average about 30 per mile, and on level ground 
are about 15 ft. high, costing 4Z. to 5/. each — irregularities of 
level will cause a corresponding variation in the heights of the 
posts. 

The amount of engine power varies under all circumstances. 

The wood frames for carrying terminal gears and shunts rails are 
not included in above prices. 

The prices above will usually bo found to be rather in excess of 
a final estimate made on receipt of fnll particulars. 

Tramways for lengths under half a mile should be specially 
estimated for. 

To illustrate the proper method of estimating from above prices, 
the following examples are given, viz. : — 

1. Cost required for a tramway J mile long to carry 50 tons per 
10 hours with one angle. 

Hope, pulleys, and rolling stock as per No. 1, 310^. per mibi, or 
for J mile 232Z. 10s., and terminal g(‘iir, &c., as per No. 3, 60/., 
and with curve as per No. 5, 25/. Total cost, 317/. 10s. 

2, Cost required of a tramway 2 miles long to carry 100 tons 
per 10 hours as per No. 2. 

Kope, imlleys and rolling stock will cost 980/., and, as per No. 4, 
driving gear, «fec., will cost 250/. Total 1230/, 

Tacking is only necossary for export. 
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WATEE SOFTENING. 

Water is p^cmerally desmbrd as bt iiig: soft or bard. It is called 
bard when it contains considerable qnanties of the salts of calcium 
and magnesium in solution, but wbon only a small quantity of 
these salts is pre?ent it is called solt. The chlorides, sulphates, 
and nitrates of calcium and magnesium are easily dissolved and 
maintained in solutiori by water, but the oarbomites of these i lcmcnts 
can only be maintained in solution by an excess of carbonic acid in 
the form of bi-carbonates. 

The following distinctions are made with regard to hard 
waters : — 

(1) T(‘mporary liardn(‘ss, that is, hardness caused by the bi- 
carhoiiates of the alkaline earths, and which disappears in 
boiling. 

(2) Permanent hardness, that is, hardness caused by the 
chlorides, sulphates, and nitrates of the alkuline earths, 
which is not lessened by boiling. TIjc sum of the tem- 
porary and permanent hardness is the total or aggregate 
hardness. 

In order to express the re lative hardness oC different waters, the 
following iijensureineuts have been ado])t('d : — 

England .. 1 grain of calcium carbonate (0aC( ) 3 )per gallon 

of water. 

France .. 10 milligrams of calcium carbonate (CaOOa) per 

litre of water. 

Germany .. 10 milligrams of calcium oxide (CaO) per litre 

water. 

Calcium, in the form of bi-carbonates and sulphates, is the chief 
constituent of the dissolved mineral matter in hard water, whilst 
it occurs also in small quantities as chlorides, nitrates, and 
nitrites. Next in order conies magnesium in tlie same combination 
as calcium. The bi-carbonates of iron and manganese, and the car- 
Ixmates, chlorhles, sulphates, nitrates, and silicates of sodium and 
potassium, are rarely absent, but seldom occur in large quantities. 
Water also absorbs oxygen, nitrogen, and carbonic acid, and occa- 
sionally sulphuretted hydrogen may be found in it. Organic matter 
occurs in some lake and river waters. Carbonic acid enables 
water to dissolve substances, such as the carbonates of calcium, 
magnesium, iron, and manganese (which pure water could only 
dissolve with great difficulty in minute quantities if at all), by 
converting the carbonates into bi-carbonates, the bi-eaxbonates 
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Water Softening — continued. 

being soluble in pure water. It has been found from experience 
that scale over the heating surfaces of a boiler to the thickness of 

in. will cause a waste of about an eighth of the efficiency of 
the boiler, and the waste increases as the square of the tliickness. 
Tlie amount of incrustation varies considerably with the quality 
of water, and with the regularity with which the operations of 
blowing through and cleaning out are practised. Occasionally 
vegetable matter of a glutinous nature, held in suspension by the 
feed water and precipitaitid by heat or concentration, covers the 
heating surface with a thin coating almost impermeable to heat, 
and which hardens the mineral deposit so that it is next to impos- 
sible to remove it, and hence causes overheating. 

The Porter-Clark process is based on the following theory : — 
When ordinary burnt lime or calcium oxide is added to water 
which contains the bi-carbonates of lime or manganese, the excess 
of carbonic acid necessary to keep the lime or magnesia in solution 
in the form of a bi-Ciirbonate combines with tlie calcium oxide, 
forming insoluble carbonate of lime, both by the decomposition of 
the bi-carbonate of lime and by the combination of the excess of 
carbonic acid given otf in decomposition with calcium oxide added 
to the water. 

In this reaction the carbonates only an? precipitated. The 
sulphates are precipitated by using a small quantity of soda, 
NaaCOg. The sodium carbonate and calcium sulphate mutually 
oxchatigc their acids, forming insoluble carbonate of lime and 
soluble sulphate of soda. The latter salt is so very soluble that 
it is not ])recipitated (ivon after much concentration upon evapora- 
tion, and thus it flows out of the boiler when the mud-plugs are 
Teraoved for washing-out. 

A little alum is mixi^d with the soda to aid the precipitation of 
solid matter held in suspension by the water ; it also materially 
assi&ts the precipitation of the salts in the precipitating tanks. 

The reaction is represtuted by the following equations : — 

CaSO* -t- NagOOa = CaCOg -P Na.SO,. 

fdgOa + CaO = 2 CaCOg + H^O. 

H^Mg (003)2 -p CaO = CaCOa -f MgCOa -P II^O. 

The quantity of lime required to soften 1000 gal. of water is 
2*24 lb.; soda, 4*5 lb.; and alum, 0*1 lb. The above quantities 
give very salisfjictory results. It is not found necessary to reduce 
the degree of hardness lower than 6° and 7°, as the heating surfaces 
are kept practically clean when water of tliis degree of hardness 
is used. The water, after being softened, dislodges old incrusta- 
tions and deposits from boilers previously using hard water. 
(W. W. F. Pullen, Proc. Inst, C.E., xcvii. 354.) 
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STAMP BATTEIJIES. 

Stamp Batteiues: Gold. 

To find the horse-power required to drive a battery, multiply 
the weight of one stamp by the nimiber of stamjis in the battery 
by the height of lift in ft. by the number of lifts per minute; add 
one-third of the product to the result for friction, which will be 
the numbcT of ft.-lb. per miiiut<^ ; divide this by wliich 

is the number of ft.-lb. per iidmite equal to 1 H.P., and the 
result will be the HP. required. For extimide, supposing a 
stamp weighs 800 lb., that there are 5 in a set, that each stamp 
has a lift of 9 in. = 0*75 ft., and gives 80 blows per minute, 
then 800 x 5 x 0-75 x 80 = 240,000; one-third of 240,000 
= 80,000 ; fins added to 240,000 =: 320,000 ; 320,000 divided by 
33,000 = 9*7 H P., or 1*9 II.P. per stamp. The total weight of a 
battiTy, including mortar-l)Ox, stampers, &c., may b(^ roughly esti- 
mated at 1 toil per stamp. Medium-sized stampers, i. e. stem, 
tappet, head, and shoe, weigh 600-700 lb., and require about 
§ H.R Heavy stampers weigh 800 lb. and over. 


Table 89. — Dutu'mlons of Parts of Stamps. 



Length 

1 iatri. 


Height 

Diam . 

Weight 

Height 

Name of Mill. 

of 

■ of 

of 

of 

of 

of 

ot 


Stem 

, Stem. 

Stem 

Slioe. 

Shoe 

tSlioe. 

Boss. 


ft. 

j in. 

lb. 

in. 

in. 

lb 

in. 

Douglas 

121 

1 n 

290 

9 

8 

115 

18 

CoiiH., Virginia 

la 


.320 

7 

8 

no 

16 

Lincoln 

13 


320 

7 

84 

119 

18 

Brunswick . . . . 

15 

K 

37.5 

10 

9 

125 

18 

Electric 


3 

25K 

8 


123 

16 

Eureka 

11 

3l 

450 

. . 


100 


Key8t<.)ne . . . . 






loo 

. . 

Stanford 

. . 


, . 

« < 

. . 

120 


Walhalla . , . . 

loi 

; .31 

•• 

9 

10 

• • 

14 


Dlam. 

Height 

Diam. 

I Weight 

Height 

Diam. Weight 

Name of Mill. 

of 

of 

of 

1 of 

of 

, of 

Of 


l5oss. 

Tupi»et. 

Tappet. 

[ Tappet. 

Dio. 

j Die. 

Die. 


in. 

in. 

in. 

11). 

in. 

in. 

lb. 

Douglas 

8 

12 

i 8 

120 

. . 

. . 

, , 

Cons., Virginia . . 

8 

10 

Ik 

95 


. . 

. . 

Lincoln 


10 

H 1 

93 

54 

84 

99 

Brunswick . . . . 

8 

12 

9 1 

125 

. . 

. . 

. . 

Electric 


St 

: H 

83 

6 


100 

Eureka 


. . 

I 

120 

. . 


120 

Keystone . . . . 

. . 

. . 

: 

100 

. . 

. . 

113 

Stanford 

. , 

* * j 


114 

. . 

. . 

, , 

Walhalla .. .. 

10 

•• 1 

•• 

•• 

•• 

*• 

•• 



Table 90 . — Dimensions and Working JResuIts of a nut)}her of Mills in various parts of the World. 
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Stamp Batteeies. 


OM Batteries — continued. 

Life of Battery.— The duration of the several parts of a stamp 
battery is very unequal. An ordinary die should last about twice 
as long as the shoe, or say six weeks to two months; the rate of 
wear is commonly lb. per ton of ore treated. The conditions 
which govern the rate of wear are the speed of the battery, regu- 
larity of feeding, hardness of ore, and quality of iron. Good cast 
iron is as enduring as steel, but much of the cast iron employed 
for this purpose in n-inote localities is far from good. Shoes gene- 
rally lust 4-6 weeks, wearing at the rate of i-lj lb. per ton of ore 
put through. 

Stamp stems, especially when running in wooden guides, should 
last or 4 years, and, with regular feeding, very much longer ; the 
jar occasioned by a short supply of ore in iho mortar is apt to cause 
them to break off at the ends. Wiien this happens, the injury is 
remedied by welding on a piece, which may be done repeatedly. 
Stamp heads sometimes split when not bound witli iron rings, and 
the sockets become enlarged by wear; but the latter drawback 
may bo overcome by inserting wooden or iron wedges. Tappets 
should endure 4 or 5 years, but are sometimes split through wedging 
up too tightly. 


Table 91 . — Gaujes of Screens. 


No. of Needle. 

i Mesh. 

I 

Width of Slot. 



i i 

1 

12 

in. 

SH 

iOllO 


1 


i “ 

4 D 

1 IMIO 

1 


3 

10 

•12 

moo 



4 

IH 

_?ri_ 1 

lOOO 



6 

20 

. 2U 

1000 



G 

25 

If 

1 ooo 



7 

1 30 

. 

1000 



8 

i 35 

1 iooo 



9 

1 40 

,-» 0 _ 

looo 



10 

50 

. » 8 .. 
looo 



11 

65 

QOOO 



12 

60 

looo 
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Jordan’s Centrifugal 


Jordan's Patent “ Centrifujal" Process, 

Odc set of plant comprising this process consists of the follow- 
ing:— 

One ordinary “ Dlnke” stone-breaker. 

„ Jordiiirs j)ateiit lino re<lucer. 

„ „ ,, unuilganiator. 

This sot is equal in capacity to 10 heads of Californian gravita- 
tion stamps, if placed on the same basis as to nature of quartz and 
liiK'uess of grinding. 

'J'he process is ooinplehi in itself, the nnialgamaior taking the 
place of eoi»j)er table, pan amalgamators, blanket strakes, and all 
oilier appliances. It is capable of treating the most refractory ores 
and of saving 85 to 0.') per cent, of the gold contained, whilst 
pra' tically the whole of the precious metal is extracted from free- 
milling ores. 

'1 he amalgamators are also often nseil in front of ordinary stami> 
hatteries, es]»ocially wlu^re line or float gold is conemnn-d, which 
tliey are fbnnd very ellieacious in catching. 

'I’he following table of emnparisons between the process and the 
ordinary stuuq) battery will probably be useful : — 


A. Jordan's Patent Plant 13. Stamp Battery, 



Cost of 
Plant. 

! 

Wei Kilt of 
Plant. 

I 1 

Freight at 
£15 pe*r ton. 

Cost of 
Erection on a 
mexierato site. 

! 

' Time occupied 
! ill Erection. 

1 


£800 

15 tons. 

£225 

£50 

j 2 to 3 w'eeks. 

B 

£1,399 

51 J tons. 

i 

£772 

say £275 

2 to 3 months. 


Power ! 
required to 
Drive Plant. 

Cost for 
'rreatment 
per ton of 
Ore. 

Cost of com- 
plete Plant 
Erected, 8a,y, 
in Transviial, 
without 1*0 wer. 

Labour for 
Double Shift. 

Cost of Wear 
and I’ear and 
Kenewals 
per annum. 

A 

1 

1 8 to 10 H.P. 

; i 

5s. to lOs. 

£1,075 

2 skilled 
ineclfanics, 

2 labourers. 

£50 

B 

1 15 to 20 II. P. 

12s. to 18s. 

1 

£2,416 

1 

4 skilled 
mechanics, 

6 labourers. 

£150 to £200 
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Table 93. — Cost of JordarCs Ceutrifugal Plant. 


One patent stone-breaker 100 

,, „ centrifugal fine reducer 250 

,, „ amalgamator 250 

The necessary sliafting, pulleys, bearings, coui)lings, 
gear, belting, and laces for driving, and the 
necessary pipis, cocks, and connections for the 
immediate water supply 200 

One set complete ready for working 800 


A suitable steam engine for driving one set of the 
plant of high prcftsure horizontal type, having 
cylinder 10 in. diam. and 18 in. stroke, feed pump 
and high speed governor and throttle valve coin> 
plete. Tlie engine of high-class workmanship and 

very best material 154 

A single-flued muhitubular steel boiler 11 ft. long by 
5 ft. diani., witli all the necessary mountings, 
and fitted with smoke-box jacketed to act as feed- 
water heater, and 20 ft. wrought iron chimney 
2 ft. diam. The whole arranged so as to require 


no hrick setting or flues .. 255 

Steam and blow-oif pijies, cooks and connections 
between engine and boiler, supposing the same to 
be in close proximity 20 

Engine and boiler complete as above 429 

Process complete with engine and boiler and all 
accessories as above 1229 


From 5 to 10 per cent, should be added to the above prices for 
packing for shipment, and delivery F.O.B. English port. 
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Kivee Mining, 


EIVER MINING. 

RiVEii Miking : Ball dredger, (Langley.) 

The fan makes 350 revolutions per minute, and at that speed 
is capable of raising 400 tons of sand, gravel, and stones per 
hour, but the average in actual work may be taken at 200 tons per 
hour, This is with a 10 h.p. engine, and working in a depth of 
water varying from 7 to 25 ft. 


Table 94 . — Cost of Dredging, 


Host of drodger, say 2000^ 

Kominal horno-powor 10 H.P. 

at whicli it excavates 25 ft. 

Quantity it excavates per annum 200,000 tons. 


Labour for dredging, lead (2 miles) and discharging . . 

(X)al and other stores 

Eopairs (total £60) 


per ton 2'12.5d. 
0*375d. 

„ o-om 


Total working cost „ 2‘572d. 

Add 1 0 j>er cent, interest on capital 0 • 240c/. 


Total cost per ton, including interest on capital 


2*812(/. 


This cost may be taken to be about Ipl. for dredging, and the balance for 
ibc towage of lighters and discharging at sea. 


The consumption of coal is about 1 ton per 1000 tons of sand 
dredged. 



Obb Dbbssing. 


181 


OEE DEESSING. 

OiiE Dressing : Conditions. 

The object of dressing ores is to separate tlie useful from the 
useless portions, an<l to sort the valuabh^ minerals from each other. 
It should be canied out as near the mine as possible, to avoid 
C4irriage of worthless material. Water is esi-ential, and the floors 
should be arranged so that the matters can be moved forward in a 
measure by their own specific gravity. 


The specific gravity of minerals commonly 
dressing floors is as follows : — 

met 

with 

in wet 

tJAU t - 

XV *. 

K.V..^4XX«V. . . . . 



-T V. 

Mercuiy 

.. .. 10*6 

Barytes . . . . 



4-3-4*7 

Silver 

.. .. 10*5 

Copper pyrites 



4*l-4*3 

Copper 

.. .. 8-4-9 

Zincblemle, . . 



4*1 

Iron 

. . . . 7*5 

Chalybite 



3*6-3*9 

Galena 

.. .. 7T> 

Calamine 



3-3-3 ‘6 

f!assiteritc . . . 

.. .. 6-4-7-1 

Fluorspar 



3-1 

Cinnabar . . . 

.. .. 6*7-8-2 

Calcite , , 



2 -6-3*0 

Mispickel . . 

.. .. 0-0-6-2 

Felspar , , . , 



2 *5-2 *9 

Proustite . . . 

.. 5*5 

Quartz . . 
Gypsum . . . . 



2 * 5-2 • 7 

Iron pyrites . . . 

.. .. 4-8-.'>*2 



2 *2-2 *4 

Fahlerz 

.. .. .'i-O 5*1 i 

Coal . . 



1-2- 1*5 

Purple copper ore 
Magnetite , . . 

.. .. 4-9-.51 

4*8-5*2 1 

Lignite . . . . 



1-2-1-4 


Decomposed silver and other ores are difficult to dress, especially 
if easily j)owdered, c.f). malachite, argentiferous eerussit(‘, ciimabai-, 
and spangles of native silver. It is difficult to separate zincblende, 
copper pyrites, iron pyrites, misinckol, and barytes from silver ores ; 
wolfram fVom tin ores ; clilorite and epidote from copper ores ; and 
chalybite from copper pyrites and galena. 

The following minerals are affected by tlie association of those in 
brackets : — 

Heematite, limonite, and chalybite (iron and copper pyrites and 
ai^atite are injurious). 

Cassiterite (iron pyrites, copper pyrites, miapickel^ and zincblende 
are injurious; bismuth makes the colour dull; copper makes it 
brittle). 

Lead (arsenic makes it brittle ; antimony makes it hard ; fluor- 
spar promotes its fusibility ; chalybite and barytes are also advan- 
tageous). 

Zinc (lead spoils it). 

Copper (lead must be separated from it if it is to be treated by 
precipitation process). 



182 


Orb Duessikg- 


Conditions — contiii ued . 

Silver (lead and antimony are injurious for the amalgamation 
process ; also talc for chlorination). 

Cobalt (for blue paint calcspar, brownspar, manganese spar, 
liornstoiie, ferruginous quartz, and galena arc injurious ; nickel, 
when predominant, imparls a red tinge ; arsenic intensifies the blue 
colour, and re nders it more agrtx^able). 

Magnetite (mica, lime, gurnet, augite, and hornblende promote 
its fusibility). 

Auriferous pyrites (for clilorination process, talc is injurious). 

When pieces ofditiorent miiKTals of tlie same size are allowed to 
settle in water, tlie heavier particles fall first, AVlicn pieces of 
different minerals of the same weight are subjected to a flow of 
water sutlicient to move them along, the spt^ci^ic lighter material, 
having a larger surface exposed, is washed away quickest. 

Another condition, not less important tluin those just given, for 
good concent] at ion of the difien'nt classified portions of material, is 
the proper regulation of the velocity of the throw. For the tables 
applied lo the treatment of the two coarser sizes, it ought, in the 
average, not to exceed 1 ft. per second, whilst slime-tahles require 
a velocity of stroke of only 0*5 ft. jxu* second ; a greater velocity 
causes tlie tables to slide, so to sjKrak, from underneath the particles 
of ore, thus retarding their progress. The motive power required 
for w'orking a double table is 0*2G h.p., and iluj working effect per 
hour of a single table is 55 lb. of slimes and 300 lb. of sands. Six 
eontinuously-acting double tables are cajiable of working in 24 
hours ]0~12§ tons of crushed material, classified hy four pyramidal 
boxes. Tiiese figures refer only to Rittiiigei‘’s tabh'S. 



Ohe Dressing : Table 95. — Ac^justmenfs of Hiftinger's Cordinimisly -acting Side-throic Pcrcussion-tcihle, 
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Jigging, (H. S. Muiiroe.) 

It is hardly neoossary to dwell upon the importance of the ji^. 
Within its proper sphc*ro no sub.-titute has been found that does 
the work as well or as cheaply. Its capacity is large, it requires 
hut little attention, and the losses are small. In one form or 
another, it is the }>riuciple machine used in the concentration of 
low-grade ores, and for tlie separation of one metallic mineral from 
another; and it is almost the only machine used for tlie purifica- 
tion of coal. I’here are two recognised systems of jigging, the 
English and tlie Continental or (Jerman. The English system is 
a development of the hand -jigging formerly cm})loy(*d in Cornwall 
and otJior imdalliferous districts of England. In this method the 
crushed ore, coarse and fine together, is lirst jigged on a hand-siovo 
with coarse inosli ; and the tine stulf, somewhat concentrated by 
passing thnmgh the IkmI of coarse mineral grains on the sieve, is 
again jigged on a siewe of finer mesli. In tln^ adaptation of the 
system to machine-jigging, many modifications of detail have 
been necessary. The general treatment, liowevijr, is the same, and 
includes a preliminary jigging on rough ing-jigs, followed by a 
concenti’atiou of the Imtcliwork on fin i shin g-jigs of finer mesh. 
Ill both roughing- and finish in g-jigs, a bed of mineral is main- 
tained on the sieve; and the concentration is mainly effected by 
jigging through this bed. The Continental or (lerman system 
starts with a sizii-classitioation by screens, after which the different 
sizes are treated on separate jigs. 

There are also combinations of the two systems. Tlie use of a 
l>ed of mineral grains, and concentration by jigging through the 
sieve, has been adopted iu (Continental jiractice for fine jigging. 
At the Lake 8u])erior <lressing-works, a somewhat im}>erfect size- 
classification by wat(T lias been introduced as a prtliminary to 
jigging. In the Coutineiital dressing- works, again, the tendency 
<»f late years has been to reduce tim number of sizes jigged, and to 
abandon the very close sizing which formerly characterised the 
method. 

The arguments for close sizing arc drawn from the well-known 
laws governing the fall of bodies in water, whioh may bo stated 
as follows : — A body lalling in still water moves at first with 
acceleiated velocity, as in a vacuum. The resistance of the water, 
liowever, increases with the square (f the velocity, and finally 
equalises and neutral isr's tlie accelerating force. Thereafter the 
grains move with uniform falling velocity. 

It is argued that, in order to effect a separation by the water- 
currents of a jig, the range of sizit iu the grains treated must not 
exceed tlie size-ratio of equal-falling grains. But the conditions 
which obtain in jigging are not the same as in the case of bfxlies 
falling freely in water. We have to deal not with single isolated 
grains, but with numbers of these grains moving together. Tlio 
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Jigging — continued. 

smaller grains move in the interspaces between the large grains, 
and, consequently, in constricted channels. The large grains, also, 
so far as their movements are independent of the surrounding 
grains, as in the separation of gangue from ore, and of one mineral 
from another, move in the intei-stitial channels between the other 
grains. These cliannels must have great inllnence on the move- 
ment of the grains. Nevertheless many have been content to 
assume the formula for free-falling grains as of universal applica- 
tion, and have drawn therefrom the arguments and data for the 
close and accurate sizing characterising tlic Oontinimtal system of 
ore-dressing. It is, however, imssiblo to etfect a very satisfactory 
separation on jigs, with mahnial sized between wide limits only, 
and in a very imperfect manner, or evtni entirely without sizing. 

The principal advantage of the English metlioil of jigging is 
that is dispenses witli tlie operation of sizing by screens. Ttie plant 
is thus simpler and ch(.;aper, and the exioense of trcjatment loss. If 
the jigging be conducted entirely without size-classification, it has 
the further advantage that very fine material can be treated suc- 
cessfully on jigs, which would otherwise have to be treated on 
tables. Tlie bulk of tlm gangne, both fine and coarse, is thus at 
once separated by the “ rongliiiig-jigs,’* leaving but a small amount 
of rich stuff to be tnuited oji the finishing-jigs an<l tables. As the 
treatment of the line atnlf by itself is troublesome, and tlve capacity 
of slime-jigs and tables is small, the plant and method of treat- 
ment are still further simplified and cheapened. 

The English method is especially well suited to the concentra- 
tion of low-grade ores on a large scale. 

The principal of)jection in practice to the English system of 
jigging is the imperfect concentration of the material passing 
through the jig-bed. The hutebwork is much richer when the stuff 
is sized b«dbre jigging. This difficulty is overcome by the re-treat- 
ment of this hutchwork on finishing-jigs. At Bonne Terre, the 
Imlchwoik is classified in pointed boxes, the sautls re-treated on 
jigs, and the slimes concentrated on side-bump table. 

Munroo’s investigations suggest means whereby the hutchwork 
can be eurich(;d witlioiit tlie necessity for this second treatment. 
By treatment of fine and coarse material together on the same jig, 
interstitial channels will be formed between the coarse grains, in 
which the fine stuff can be very i^erfectly oonce?itr<ited. Again, 
by decreasing the mcsli of the jig-siove, the size of the interstitial 
cliannels may be reduced, and still finer material successfully con- 
centrated. Ex periments made to test the i)Ossi bility of reducing the 
number of grades of sand, developed the unexpected result that 
the hutchwork was much improved by jigging coarse and fine 
stuff together, the reason for whicli is now clear. So also at Bonne 
Terre, where, however, the problem is complicated by the necessity 
of running the roughing-jigs so as to suck as much fine stuff 
through the sieve as possible. 
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Jigging — con tinn ed . 

The problem to be solved in connection with the English method 
of jigging is to determine the best method of trenting the stuif too 
fine to be concentrated sncctSifully in the interstitml chaniKls of 
the jig-bed. 

Tlie first and most obvious method is to separate the fine stuff by 
water-classification before jigging the sands. U'he objections to this 
course, are, first, ttie quantity of water required to eftect the 
separation of the slime ; and second, the fact that much tim^, stuff will 
be sent to the tables that could be treated successfully on tlie jigs. 

A sc'cond j)]au is to separate the fine stutf from the tadiugs of 
the jigs by i)roi>er classifiers. Tliis is perfectly feasible, and has the 
advantage that the jigs can he so run us to produce a rich hutch- 
work. This plan requires large settling-tanks, and a considerable 
amount of clean water to effect the seiiaration of tlui slime. It 
has the advauiage over the plan of sepamting before jigging 
that the fine mineral is partly concentrated and saved by the jigs. 

A third j>]an, which will effect a jiartial sfdution of the problem, 
is to run the jigs so as to take full advantage of the interstitial 
action. By reducing the mesh of the jig-siev<*, finer material can 
be concentrated. 'W’ith a given maximum size for the coarse siind- 
grains, however, a limit will be found beyond which the mesh of 
the sieve cannot l>e reduced. Possibly it tuay hv. found practicable 
to use a three or four-sieved jig, with different mesh on each sieve, 
and, by varying the stroke of the pistons, to adapt each sieve to 
the saving of a certain grade of sand. At Lak(‘ Buporior the tail- 
sieves have finer mesh tlian the head-sieves. Or the rough ing-jigs 
may be run with little under-water, so as to suck all, or nearly all, 
of the fine stuff thiough, thus ensuring poor tailings, and the. hutch- 
work may tljon l>e treated again on jigs of finer mesh. These finer 
jigs should he run in the same way, and their hutchwork should be 
treated on tables. 

By one or another of the above methods, it may be found practi- 
cable to save and treat the slime without using classifiers to 
separate it from the sands. 

A fourth plan is to conduct the crushing so as to produce a 
minimum amount of slime; for example, by a system of gradual 
crushing, using two or more sets of rolls; or by cnarse- crushing, 
followed by jigging and fine-crushing of raggings ” only ; or, 
again, by calcining the ore so as to make it more friable. By one 
or another of these methods it may l>e j)ossible to limit the pro- 
duction of fine stufi* so that in many cases it may be allowed to 
escape without serious loss. 

The following are the main points developed by Munroe’s 
investigHtions : — 

1. Bodies falling through water in a tube do not attain as 
high a velocity as in falling through the same medium in large 
vessels. 
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Jujgimj^QOhiinued, 

2. The falling velocity is but little affected when the diameter 
of the body is less tliaii that of the tube. 

8. The falling velocity is the more retarded as the diameter of 
the body approximates that of the tube. 

4. A spheie th(i sizt; of the tube will develop the greatest falling 
velocity, and will require a current of maximum velocity to support 
or raise it. 

5. (.1 rains falling en mdsaenro really moving incontined channels, 
and follow the law of tiie movement of bodies in tubes. The falling 
velocity, and the velocity of the current necessary to support or 
raise the mass of grains, increase and diminish with the distance 
apart of the grains. 

6. The diameter of the channel in which the single grain moves 
equals the cube root of the vtdume of the grain with its proportion 
of the interstitial space, or, in other words, the cube root of the 
space occupied by the grain. 

7. Ill a mass of grains of different sizes, tlie largo grains move 
relatively in smaller channels than the small grains. The ratio of 
the diameters of equal-falling grains of quartz and galena, under 
such conditions, is 31 to 1, instead of 4 to 1, which latter ratio holds 
good for fri'c-falUng grains only. 

8. The formiihe for grains moving in tube s, when applied as 
above to grains moving tn wmsse, enable us to compute the velocity 
of jig-currents and thus determine the proper length and number 
of strokes of the jig-piston. The old formulse gave results many 
times loo large. 

9. Close sizing is not necessary for the separation of different 
minerals by jigging, unless the difference in specific gravity is 
small. 

10. Downward currents are apparently necessary to success in 
jiggiiig through a bed. This requires conlirmaliou by experiments 
on a larg(T scale. 

11. Very fine material, less than -Lj millimeter diam., can ho 
treated successfully on jigs, if treated with coarse stuff’, the con- 
centration taking place in the small interstitial channels between 
the grains forming the mineral bed. For the treatment of fine 
stuff’ on jigs, close sizing is a positive disadvantage. Jigs work 
well on mixed stuff, and very badly on fine stuff’ alone. Btuff less 
than A the size of the smallest interstitial channels cannot be 
treatea successfully in this way. 

12. The size of the mesh of the jig-sieve has a vcjry im|)ortant 
influence, and must be proportioned to the work to be done. 
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GOLD. 

Sliicks. 

Sluices must vary iu length according to the nature of the dirt 
being washed, and must l)e determined in each instance by actual 
experiment, an increiis(3 being necessary if assays of the tailings 
show a loss of gold. The sluice is generally run on a wide curve, 
the outside edge being raised |-1 in. to equalise the wear and tear, 
because iu a straight sluice the v< locity of the current would be 
likely to carry awjiy much of the dirt witliout disintegrating it. 
The dimensions of the sluice are determined by the quantity of 
material to he treated, which is governed by the water supply. 
One 6 ft. wide by 3 ft. deep, with a 4-5 per cent, grade, will take 
about 3500 miners’ “inches”; one 4 ft. wide by 2| ft. deep, with 
per cent, grade, 1200-1500; or with 4 peu’ cent, grade, 2000 
miners’ “ inches.” The water must be iu sultieient deptii to cover 
the largest boulder likely to be encoun tiered, so that the body 
required will vary with the co{ir.sen(!8s or fineness of the dirt. With 
too much water, the riflles are likedy to pack, and tlie yield of gold 
will be less, iiicri^asiiig with low grades and small body of water. 
If water is plentiful and cheap, it will to a c.ertain extent atone 
for low graJe; but with water scarce and dear, a high grade is 
essential. 


Gold Sluicing : Water consumed. 

Generally speaking, ordinary gravel needs 4 per cent., and coarse 
gravel (i-7 per cent. ; th<3 heavier the gravel the steeper the grade, 
and the more water necessary ; 4 per cent, is very commonly used, 
increased to 6 and even 8 for clay, and reduced sometimes to 1 J per 
cent, for very ligl.t dirt. The “No. 8’' mine of the North Bloom- 
tieltl Gravel-Mining Co. required au averugo of 584 cub. ft. of water 
to wash 1 cub. yd. of gravel; or, in other wojds, the gravel at this 
locality required for moving it an expenditure of water nearly equal 
to 20 times its bulk. At the Blue Tent Co.’s mine, where carel\il 
record has been kept of the amount of gravel waslicd, water used, 
&c., for the past few years, the various kinds of gravel mot with 
were moved at the rate of from 2 '38 to 10*12 cub. yd. per miners’ 
“24-hour inch” (which is considered on the 8aii Juan divide equal 
to 2230 cub. ft. of water ; in tlie Bear River mines, about 2200), 
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Gold Sluicing — continued. 

or, in other words, the gravel required, according to its condition, 
from 8 to 34 times its volume of water to disintegrate it and carry it 
into the sluices. Hague adopted 7 cub. yd. as the amount of gravel 
which, on the average, in the divide between the South and the 
Middle Yuba, could be moved by a “24-hour inch ” of water, and 
this is said by Prof. Pettee to be corroboi-Htod by the results ob- 
tained at Smartsville ; 7 cub. yd. to the “ 24-hour inch gives an 
amount of gravel not quite of the volume of the water used. 
Asliburner considered that a “ 24-hour inch ” of water would move 
only about 3i cub. yd. of the lower portion of the gravel deposit in 
Bear River and its tributaries. This gravel may be considered as 
requ’esenting the hardest kind ordinarily worked by the hydraulic 
method. It appears, therefore, that a “24-hour inch*’ of water 
will disintegrate and carry into the sluices 2-10 cub. yd., of gravel, 
according to the character of the material. 


Gold Sluicing : Utilising current of large rivers, (Thomson), 

A screw 8 ft. diameter will give 8 H.P., and can be immersed 
and attached to any fixture. It will raise one Otago sluice head of 
water (equal to 95 cub. ft. of water delivered per minute) to an 
elevation of 70 ft., or 7 heads 10 ft., without intermission. The 
screw may bo made of timber, and can be put togcjther by any black- 
smith or carpenter. Minor scientific faults in its form are compen- 
sated by an excess of current-power. The accessori(5S requiring 
skill in their construction are a brass force-jiump and some rubber 
tubing. With a screw or fan 15 in. diameter, with blades set at an 
'angle of 20° to the disc, in a 2-mile current, the revolutions are 
nearly 1 per second ; the pistons of the pump are worked by a 
crank, propelling the contents once per second ; the diameter of the 
cylinder is 3 in. ; stroke of piston, 2*7 in.; quantity of water per 
stroke, 1*1925 cub. in., or 71*55 cub. in. per minute, or 59*5 cub. 
ft. or 368*9 gal. per 24 hours ; cost 4/. or 51. The capacity and cost 
increase, of course, with the size. The whole ai)paratus is easily 
repaired, and can be removed at will. 


Gold SLUICI^G : Cost, 

Under favourable conditions for hydraulic washing two men can 
do all the work in a washing that uses 300 miners’ “ inches ” of 
water. Under such circumstances, 1 pipe will break down as much 
as 3 can wash away; on the other hand, 3 pipes are sometimes 
required to break down what 1 can wash away. The water is 
generally considered capable of carrying away 4 of its own weight 
of gravel. 
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Table 90. — Average cost for the La Grange Coinj)ony. (Bowie). 


Per oz. of Metal produced. 



s. 

d 

Water 

5 

10 

Lal)Our 

28 

4 

Material 

7 

<> 

Ollicers 

3 

11 

(kmtingent expenses 

1 

1 

Taxes 

0 

4 


47 

0 


I Per cub. yd. treated. 


it 

Water 0*4 

liabour 1’8 

j Material 0’5 


OffjcerM aiifl coiiti-) 
gent expenses . . | 


With liglit pressure and low grade. 


Table 97. — With heavy pressure and low grade. 

For heavy pressure and 4 per cent, grade, an example may be 
found in the North Bloomfield Company's figures, per oz. of metal 


produced : — 

B, d, 

liubour 10 0 

Blocks and lumber 2 0 

Explosives 4 0 

Materials .. .. S 

General expenses 2 11 

Water 8 0 


TIjc following promiscuous costs per yd. may also be quoted : — 
Bd. ; lid , ; IJd.; Id, ; Id.; averaging from Id. to 2J(Z. per cub. yd. 


Gold SliuoiisG: Yields and Cost, 

Of the yield from hydraulic workings, those lying between the 
Middle and South Yuba have averaged, according to Laur, 8d per 
cub. yd. and according to Prof. Silliman, 15d. per cub. yd. Various 
yields have been: — 2s. lljd. ; 26*. 6d ; 12 Jd; 7Jd; 6id ; Bd.; 
2 Jd The last mentioned figure refers to the Gold Run district, 
where all the conditions were extraordinarily unfavourable. The 
average yield of the Smartsville gravel is stated by Whitney at 
about 23c. (lljd) per cub. yd. 
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Gold Slmcing — continued. 

In the Sierra Nevada, when the top gravel only \b washed, it is 
thought to do very w(dl if it yicdds lOo. to 15e. (5(/. to 7 id.) per 
“ inch " of water for 10 lioiirs. On the North Bloomfield Co.’s mine 
in 1870-71, tl»e yield of surface gravel was 10c. (Sd.) p ‘i* “ 21'liour 
inch,” or 0 ®^c. per “ lO-liour inch.” From 1870 to 1871, the yield 
was only iy,^,,c. per “21-liour inch,” equal to 5 “®,c. per “ 10-hour 
inch.” In 1875, the top gravel, including a little blue gravel, but 
nothing within -10 ft. ot the bed-rock, yiehled 10, "^, 0 . per “21-h(»ur 
inch,” or 8c. per “ lO-liour inch.” It is quite probable, however, 
that the water in this mine, furnislicd us it is from the company’s 
own ditch, is much more lavishly used than in mines where it is 
purchased, and the relation of water to product would, on that 
account, be an unfair criterion for other mines. At Columbia Hill, 
where only top gravel lias been washed, its yield in several 
instances has varied from about 20c. (lOd.) to 58c. (29d.) per “24- 
hour inch,” affording in the instance last referred to exceptionally 
good pro tits. 

Four companies at Howland Flat and Potosi — the Down East, 
Union, Havvkeye, and Pittsburg — took from about 2,d05,()00 sq. ft. 
of surface, 2,2.*>l,(j5:i dols. 95c. (470,094k Os. 5d.), the pay-gravel 
being estimated at 4J ft. in thickness. Tliis would give an average 
of95’c. (9.V. 11J(/.) per sq. ft. of surface, or 5 dols. 70c. (28s. 9t/.) per 
cub. yd. of gravel washed. This material was mined, it is stated, at 
a cost of 47c. (28^d.), heaving a profit of 48c. (2.s.) per sq. ft. At 
Grass Flat, in the Pioneer Company’s ground, the yield per cub. 
yd of gravel is said to have been 1 dol, 5t)c. (Os. If^d.) 

At Al'.an’s Flat, Yaekandaiidtih, Victoria, the ground washed off 
WHS about 80 ft. deep, the water use<i was 500 gal. a minute> and 
the inclination of the sluice was 1 in 25; 8 men worked 150 cub, 
yd. per diem. The daily expenses of a claim were : — 

£ s. d, 

3 men at Ss 14 0 

800,000 gal. of water at 0*33c/. 0 10 0 

Wear and tear 0 0 0 


2 0 0 


Consequently a yield of } gr. of gold per cub. yd. covered all 
expenses. 

A hydraulicing claim on Dunedin Flat, Kumara, New Zealand, 
yielded 1735 oz. of gold from a block of 22,408 cub. yd., or au 
average of 31 gr. per cub. yd., working a face 85 ft. deep. Shares 
in this claim sold readily at 400/. each. 
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Table 98. — Cost of Producing 1 oz, Troy of Gold in Californian 
Hydraulic Claims, (Egleston.) 



La Grange Co. 

North Bloomfield Co. 


$ 

£ «. d. 

S 

£ S. d. 

Water 

1-43 

0 6 1)1 

209 

0 8 81 

Lu)>our 

6-S5 

1 H 1)1 

3*93 

0 16 41 

Materials 

1*81 

0 7 61 

0*88 

0 3 8 

Kxplosives 



0*98 

0 4 1 

Blocks and lumlier . . . . 

. . 


0-.50 

0 2 1 

General expenses . , , . 

0*04 

0 3 11 

0*70 

0 2 11 

Contingent expenses . . . . 

0-2fi 

U 1 1 

. . 

• • 

Taxes 

0-U9 

0 0 41 

•• 

• • 


j 11 *38 

£2 7 5 

9*08 

1 £1 17 10 

! 


Value of gold = 3/. 17cS\ 2ld. per oz. 


Table 99 . — Yield of Californian Mines. 


Moigy 


Smartsville Claims, Yuba Co. . 

Blue Tent, Nevada Co 

North Bloomfield, Nevada Co . 

Gold Run. Placer Co 

Columbia Hill, Milton (^o. .. 

La Grange, Stanislaus Co. . . 
Patricksville, Stanislaus Co. 
Dardanelles, l^lacer Co. . . 

■ proiui" 




*,*of Bank. 

Yield per cv 

lb. yd. 

ft. 

cents. 

19*5 

d. 

9i 

112 

15 

71 

ISO 

180 to 260 ' 

4 to 6*5 

4’B ' 

2 to 31 

21 

200 

100 

18 to 100 

40 to CO 

150 

4*33 

2*5 to 15*5 
4*33 to 18’5 

1 

1 

21 

11 to 71 
21U)91 
61 


Table 100.— Cos* and Yield per cuh. yd. 


A the 

Cost. 

Yield. 

^diddle p 
cub. 

cents. 

1 ^ 

d. 

3 1 

cents. 1 

1 

16 1 

s. d. 

2 6 

1 0 71 

o Roach Hill • * 

3 

H 

1 'll 

1 2 Hi 

Richardson 

2*6 

1 2 

11 

1 

25 

12*5 

1 01 

0 61 

Independence 

WiswHiBia 

2 

1 1 

1 
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Table 101 . — Gold : Sluicing Tunnels, 


Name. 

Length of 

Average Grade of TunneL 

Cost 

Tunnel. 

In. per Sluice Box. 

Ft. per 100. 

(reported). 

North Bloomfield 

ft. 

8000 

6^ in. per 12 ft. 

4i 

£ 

100,000 

American 

3000 

lOi 


14 „ 

H 

28,040 

French Corral . . . . 

3500 

8 


14 „ 

4?, 

33,000 

Bedrock 

2600 

9 


14 „ 

H 

Farrell 

2200 

6 


14 „ 

H 

4» 

, , 

Swef^tland Creek. . . . 

2200 

8 


14 „ 

18,000 

Manr.unita 

1740 

7 


14 „ 

4^ 

12,000 

Boston 

1600 

lOi 


12 „ 

7i 

8,000 

English Mine . . . . 

1400 

12 

*» 

14 

7 


The tunnel forms the outlet of the workings, and in it (as well as 
beyond it) are placed the sluice-boxes for catching the gold. The 
dimensions of the tunnel will tliereforo depend on those of the 
sluices, allowing about 2 to 2i ft. of extra room ; and tlie size of 
the sluices will vary in proportion to the quantity of material and 
water to be passed through them, and the duration of the mining 
season. For single sluices «bout C ft. square, running 8 or 9 months 
in the year, a tunnel 8 ft. high and 7 ft. wide is commonly made, 
which at 4 per cent, grade will consume 2000 to ^500 miners’ 
“inches” of water. For a consumption of 3000 to 3500 miners’ 
“ inches ” of water, larger tunnels and double sets of sluices are 
preferable. The grade should be as high as can safely be used, 
both for the purpose of breaking up the material thoroughly, and 
to ensure against choking, at the same time that it must not be so 
steep as to create undue wear and tear of the sluices ; it will vary, 
in inverse proportion to the size of the sluice, from 4 to 7 per cent., 
commonly the former, and with very light and friable dirt even 
percent, may suffice. In length, tunnels vary according to circum- 
stances from hundreds to thousands of feet ; and the depth between 
their outlet and where they abut on the shaft bottom should be 50 
to 70 ft., it being seldom easy to get more. 

Gold : Sluicing Yields, 

The method of stating the yield of deep giuvels varies. In some 
places, the standard is the car-load, calculated at 16-20 cub. ft. = 
1 ton ; but as the size of the car depends upon the size of the tunnel, 
the car-load, without giving dimensions, cannot be a standard bf 
value. About 9 cub. ft. of ground in place, when broken, will fill 
a box of 12 cub. ft. capacity. An estimate, based upon cubing the 
feet, without explanation, would be erroneous. Another way of 
estimating the yield is per ft. of channel. In some places the value 
is expressed at per acre or at per superficial yard of channel-ground, 
but the height of the ground is not uniform. In some places it is 
3, and in others 4 or 5 ft. The only way to definitely express the 

0 
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-S/ui 6 ’m/ 7 — continued. 

value JB by the cub. yd., but this method is not in general use, so 
that it is not easy to get a standard of the value for comparison. 

To pay, gravel should contain, under ordinary circumstances, 2s, 
to is, worth of gold per car-load of 16 cub. ft. The minimum value 
of ground to be worked should thus be 2s. to is. per cub. yd. of 
gravel extracted. 

Yields of Gold from various deep leads . field of 20 acres 
produced i6,440 oz. of gold ; the average at another diggings was 
2 dwt. 22 gr. per ton ; at a third, 1 to 1 J dwt. per load ; at a fourth, 
5 dwt per ton ; at a fifth, 6 dwt per ton ; at a sixth, 15 dwt. per 
load. In a seventh instance, one mile of lead yielded 170,000 oz. 
equal to 82 oz. per lineal ft. These figures all refer to Victoria, 
and are on the authority of Brough Smyth. In California, 50c. 
(say 28.) per cub. yd. seems to be the average value of the wash-dirt 
in tJie deep leads; but Kaymond mentions four companies which 
made respectively 10 *80 dots., 8 ’10 dols., 0‘45 dels, and 7*38 dols. 
|ier sq. yd., which gives an average of 95c. (3s. llj^/.) per sq. ft of 
ground 4J ft. high, or 5*70 dols. (23.9. 9(/.) per cub. yd. of gravel. 


Table 102. — Gold : Sluiemg Ditches. 


Name. 

Length 

Ditch. 

Width of 
Top of 
Ditch. 

Width of 
Bottom 
of Ditch. 

Depth 

of 

Ditch. 

Cost 

of 

Ditch. 

Average 
Grade 
per Mile. 

Discharge 
In Miners’ 
Inches. 



miles 1 

ft. 

ft. 

ft. 

£ 



Milton 

. . 

100 

6 

4 

3'6 

52,000 

14'6 

3000 

North Bloomfleld.. 

. . 

55 

8-65 

5 

3'5 

84,000 

14 

3200 

• « • • • 

(1.) 

60 

8 

6 

4 



2200 

Spring Valley 

(2.) 

52 

6 

4 

3*6 

, , 


2000 

Hendrick’s . . . 


46-6 

6 

4 

2 

27,000 

9'6 

, , 

San Juan . . . 

. . 

45 




59,000 


1300 

South Yuba .. . 

(3.) 

35 

8 * 

4 

4 

. . 



Kxcelsior . . . 

33 

8 

5 

4 

1 

9 

1700 

La Grange .. . 

(4.) 

20 

9 

6 

4 

90,000 

7'5 

3000 

KurekaLake.. . 

18 


. , 

. , 

86,000 


2800 

Union 

, , 

15 

8 

4 

3*6 

• • 

13* ' 

1200 

Boyer 

. . 

15 

8 

4 

3*6 


13 

1200 

(5.) 

, . 

6-6 

4 

3 

. , 

11*2 

3000 



(6.) 

•• 

•• 

3 

3 


• • 

2000 


1. On the line of the ditch are 4 miles of iron pipe, 30 in. diameter, one section 
of which conducts the water aenjss a branch of a river. It is laid as an inverted 
siphon, and has a vortical d<'])resBion of 856 ft. I'be receiving arm has a bead 
of 180 ft. vertical pressure; length of siphon, 2i miles. 

2. This has 3| miles of 30-in. iron pipe. 

3. With a subsidiary ditch, grade lo ft. per mile, current 2^ ft. deep. It is 
carried across a narrow cailon by a wire suspension flume, and across another by a 
truss flume with a span of 60 ft. 

4. Most of this ditch is hewn in granite. 

5. The line is graded H ft. wide, and excavation made close into the bank, 
lea\i[ng not less than 1 ft. of solid earth on the outside. 

6. I’o cross a creek the water is led into a 27-in. pipe, 420 ft. long, and with a 
depivssiou and elevation of 76 ft. 
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Gold : Sluicing ; Cost of Tunnelling at Red Pointy Placer Co., Calif. 

It is the intention to tap and work an ancient gravel channel 
which is known to exist under the ridge forming the upper 
portion of the Forest Hill divide. For this purpose a tunnel 
was located in Red Point Canon, about li mile above the town 
of Damascus. An air compressor is located 200 ft. vertical above, 
and about 300 ft. distant from, the mouth of tlie tunnel, the air being 
conveyed through a 3-in. pipe, which in the tunnel has valves and 
blow-outs every 500 ft. for the purpose of ventilation. There are 
no other pijies in the tunnel, except a 1-in. water-pipe for drilling 
use. The tunnel runs diagonally across tlie strike of the rocks, 
which consist of alternate strata of slate, impregnated with iron 
pyi ites, diorite, and masses of white barren quartz. 


Table 104. — Actual Cost of 1552 ft. of Tunnel 7x8, exclusive of 
Management, up to Februrary 1, 1887. 



Total. 

Cost per 
running foot. 

Total labour (pay roll), including 

3 00 ft of timbering 

Powder. 10,667 lb. Giant No. 2, and 
325 lb. No. 1, at 26i c., 41^ c., 

10 per cent, off 

Fuse. 39,660 ft. at ^6*60 per mille. 

$ 

£ 8. 

$ 

£ S. d. 

11,418*87 

2283 16 

7*36 

1 10 8 

2,643*64 

528 5 

1*70 

0 7 1 

and caps $46, delivered 

263*07 

52 16 

0*17 

0 0 

Wood. 402 cords, at $2*75 .. .. 

1,105*50 

221 0 

0*71 

0 2 Hi 

Charcoal. 1604 bushels, at 20 c. .. 

320*80 

64 0 

0*21 

0 0 lOi 

Candles. 1760 lb,, at 16i c 

Foot planks and ties. 7355 11. of 

290*40 

58 0 

0*19 

0 0 9i 

, lumber, at $20 per mille . . . . 

Timbers. 43 sets, at 60 c. per run- 

147*10 

29 10 

0*09 

0 0 4i 

ning foot 

Steel rails. 16,640 lb., at $60 per 

46*76 

1 

9 6 

003 

0 0 li 

ton 

Air and water pipes, 3 and 1 in., at 

1 610*00 

102 0 

0*33 

0 1 4i 

18 c. and c. per ft 

621*86 

104 4 

0*35 

0 1 6i 

Horse feed . • 

281*25 

56 0 

0*18 

0 0 9 

Materials, steel, oil, tools, &c 

693*00 

138 0 

0*45 

0 1 lOi 

Freights, at 1 *25 per 100 lb. . . . . 

1,000*00 

201 0 

0*64 

0 2 8 

Totals 

$19,239*85 

£3847 16 

$12*40 

£2 11 8 
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Table 105. — Cost of Surface Improvements, Plant, and Tunnel. 


Boad, 6500 ft. long; average grade, 1 ft. in 10. Average 'rotal Cost, 

force of men per day, 9*2. Including surveys ani $ £ 

powd.r 963-00 192 12 

Yards, dump and trails. Average force of men, 5*6. 

Total cost, including crib-work, timl>er, and powder . 508*05 101 11 

Boarding-honse, office, blacksmith shop, stable, powder- 
house, wood-shed, framing sheds, snow-sheds, ttc. .. 2,310*10 462 0 

Water-works. Long dam, 2-iu. pipe line 2800 ft. long, 

In ditch and covei Average force of men per day, 

2*74. Total cost. Including surveys, powder and pipe 604-94 120 16 

Air-compressor erection. Average force of men per 

day, 6. Total cost of labour 970*00 194 0 

One straight-line compressor, 16 X 16 X 24 ; one 34 X 16 
steel boiler, complete; alr-iank; pump, 3 X 3^; 
eclipse drills and columns; pii>e connections, extras, 

freight, and building 30 X 40 7,819*86 1564 5 

8 iron cars 1,200 00 240 0 

2 tunnel horses, 2 team horses, and buckljoard . . . . 705-00 141 0 

Total cost of plant, &c., Aic $16,080*95 £3016 4 


Gold : Cost of Alluvial Minimj inVictoria (Smyth). 

At Ballamt the average cost of raising and puddling wash-dirt 
and getting out the gold in scweral mining properties is Is. 3d. per 
ton, and the cost of puddling and sluicing in two instances is 1«. l\d. 
jier ton. 

At Clunes, the average cost in one alluvitil mine is 10£d. per 
ton for puddling, aud the average cost of sluicing is 3Jd. per ton. 

At Sandhurst, the average cost of raising “ cement ” is 38. 6d. 
per ton; the average cost of carting, crushing, and extracting the 
gold is 88. per ton ; and the average cost of puddling or sluicing is 
38 . per ton, including cartage. 

At Maryborough, the average cost in three instances of raising 
cement is 218. 8d. per ton ; puddling, 2s. 6d. per ton. 

At Castlemaine, the average cost in one claim of breaking 
cement is 216-. per ton; raising it to the surface and delivering it 
at the machine, 4s. 9(i. per ton ; crushing the cement and extracting 
the gold, 38. 9d. per ton. The average cost of puddling by one 
party of miners is Is. 2d. per ton. 

At Maldon, the average cost in one mine of raising cement and 
delivering it at tlie machine is Js. bid. per ton; and the cost of 
crushing and extracting the gold is 2s. per ton At the Forty-foot 
lead, the average cost of raising, carting, and puddling is Gs. 6d. 
per ton. 

At Hurdle Flat, Ovens district, ground 16 ft. C in. deep, sluice 
in rock, 4 gr. of gold (fid. per loaid) pays well ; four men get down 
and wash 1 tou of dirt every 5 miuutes. 
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Gold Sllicinq : Nozzles (Van Wagenen). 

To estimate qmniity of water discharged from nozzle of pipe^ 
extract the square root of the head, and multiply this root by 
8*03 ; the product will bo the velocity in ft. per second with which 
the water escapes from the mouth-piece. Multiply the area of 
the mouth-piece by this velocity, and tlie result will bo the dis- 
charge in cub. ft. per second. Nx . — What quantity of water will 
bo discharged from a pipe, under a head of 100 ft., through a 
3-in. nozzle? Ans . — The square root of the head (100) is 10, 
which, multiplied by 8*03, gives 80*3 ft. as the velocity per second. 
The diameter of nozzle being 3 in. ( 25 ft.), its area would be *25 
multiplied by 3 • 14, multiplied by *0625 = *04906 sq. ft., which, 
multiplied by the velocity 80*3, equals 3*93 cub. ft. discharge per 
second. The actual discharge is probably about 80 per cent, of 
the theoretical one in well-made nozzles provided with inside 
flanges to prevent revolution of the strean). and in tliis case would 
be 3*14 cub. ft. per second. This would represent about 115 
miners’ inches. The power of the stream depends wry largely 
upon its smooth and cylindrical form. The mouth-piece, therefore, 
should be very smooth, and the arrangements of the pressure or 
water box so perfect as to exclude all sand, air, and otlier foreign 
matters. 


Gold Sluices: Dimensions (Van Wngonen). 

The maximum quantity of water which may be advantageously 
used in a single sluice of correct dimt nsions when the ground is 
ordinarily full of boulders, is set down by good practical autho- 
rities at 1000 miners’ inehes. This corresponds to a discharge of 
95,000 cub. ft. per hour, which, with gravel and boulders, w^ould 
represent about double that amount of moving substance in the 
sluice. When more than this is used the current will be so strong 
that men cannot work to any advantage in tlie head-box. Sluices 
intended to clear off top dirt must be short and large. In this 
case the top dirt is presumed to be nearly free of gold and of 
boulders. First decide upon the largest sized boulder which shall 
be allowed to go through the flume. If it be 2 ft, diameter, the 
flume must carry at least 2 ft. deep of water. The bottom should 
be lf-2J times the height of the side, or, taking the side at 30 in., 
the bottom should be 52J-67J in. wide. If, however, the ground is 
free from large boulders, it is merely necessary to ascertain the 
dimensions best adapted to carry the greatest economical quantity 
of water (1000 in.) or 27*1 cub. ft. per second. Double this dis- 
charge to moke room for the gravel. The flume must then dis- 
charge 54 '2 cub. ft. of material jx;r second. Having ascertained 
the area of section in sq. ft., resolve it into correct dimensions by the 
following rules : — 

Me 1. The width to be 2J times the sides. 
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Sluices — continued. 

Multiply the area in sq. in, by 4, and divide the product by 9. 
Extract the square root of the quotient. The result will be the 
height of side in inches. 

Rule 2. The width to be If times the sides. 

Multiply the area in sq. in. by 4, and divide the product by 7. 
Extract the square root of the quotient. The result will be the 
height of side in inches. 


Gold Sluices : Grade (Van Wagenen). 


The moving power of water in sluices may be approximately 
judged by — 

Table 100. 


16 ft. per minute begins to wear away fine clay. 


30 „ 

„ just lifts fine sand. 

39 

lifts sand as coarse as linseed. 

45 

moves fine gravel. 

120 

„ inch pebbles. 

200 

„ pebbles as large as eggs. 
„ boulders 3-4 in. thick. 

320 

400 

b-8 „ 

600 

,, „ 12—18 ,, 


Hence following rule for establishment of grades in sluices 
when the velocity needed is decided upon : —Multiply the 
velocity expressed in ft. per second by itself, and the product by 
the wet perimeter in ft. Divide this result by twice the area in 
sq. ft. The result is the total fall in ft. per mile. Ejo , — What 
grade must be given to a sluice 12 in. broad and 0 in. deep, that 
it may carry a velocity of 320 ft. per minute, or 5*3 per second? 
Ans . — Multiidy tlnj velocity (5 *3) by itself, and the product by 
the wet perimeter (24 in. = 2 ft.), we have 50*18. This, divided 
by the area (72 sq. in. = *5 ft.), and doubled = 50*18, which is 
the fall in ft. per mile. To reduce grades expressed in ft. per mile 
to in. per box of 12 ft. multiply by * 027. Thus, a grade of 56 * 18 ft. 
per mile equals a grade of 1*5 (IJ) in. per box. To reduce to in. 
pier rod (10 ft.), multiply by *030. 


Gold Bluicing : Specification of Stores Required for Opening Hydraulic 
Mine, (Kirkpatrick.) 

10 cwt. |-in. borer steel. 

1 doz. steel mallets for boring, 7 lb. 

12 hand-saw files. 

3 tenon-saw files. 

15 6-in. pit-saw files. 

15 8-in. cross-cut saw files. 

3 smiths’ sledge hammers, 9 lb. 

1 cwt. cast steel for steeling picks. 
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Specification — continued . 

1 doz. riveting hatumers. 

1 doz. set tools fcn J-in. rivets. 

1 doz. snap tools. 

6 hand hamraers. Nos. 10 and 12 tester heads. 

10 doz. minors* steel shovels, diamond points. 

5 doz. Cornish picks. 

10 doz. handles for ditto. 

1 doz. long Colonial pattern felling axes. 

2 small i)or table forges, 

1 best black staple smith s’ vice. 

2 anvils (farriers* pattern), 150 lb. each. 

2 grindstones 27 in. diara. (1 coarse, 1 fine). 

2 sets screw stocks, dies, taj)si, and wrenches complete, from in. 

to } in. and J in. to 1 J in. engineers*. 

3 expanding spanners. 

20 cwt. best cut nails 2J in. 

10 cwt. „ „ „ 3| „ 

16 cwt. „ ,, ,, 4 ,, 

4 cwt. ,, ,, ,, „ 

4 cwt. ,, ,, ,, 5 „ 

4 cwt. spikes, 7-in. 

4 cwt. „ 9 „ 

1 doz. liveting blocks. 

2 doz. pairs of tools I'or riveting pipes. 

500 lugs i'or ditto. 

4 sets carpenters* bench planes (jack, trying, and smoothing). 

4 3-in. bench screws ami nuts. 

6 4-lb. carpenters’ axes, with handles. 

2 sets socket mortice chisels, with handles, 

3 pair 12-in. wing compasses. 

6 2 -ft. rules to fold 12 in. 

2 j, 0 

4 carpenters* set stones. 

2 pair pincers. 

2 2-ft. iron squares, graduated inches. 

4 14-in. carpenters* plated squares. 

4 6“in. ,, „ 

4 doz. carpenters* pencils. 

■ 3 spirit levels, set in straight edge 30 in. long, with handle on 
top to protect level. 

6 hand- saws (7 teeth to inch). 

4 fine ditto, for cross cutting. 

4 carpenters* table saws. 

3 12-iD. tenon saws. 

6 sit. ciosMuttwe “to oak) } complete with bow and gear. 

2 iron braces, 24 bits to each. 

4 carpenters* marking mortices. 
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specification — continued. 

4 band-saw sets, 
t) pit-saw sets. 

6 14-in. drawing knives. 

3 plated spokesbaves. 

C 12-ill. tumscrews. 

2 ploughs and irons. 

6 adzes (12-in. bandies). 

6 J-in. screw augers. 

6 S-in. augers. 

U J-in. 

6 i;;-in. 

3 H-in. 

3 IJ-in. 

3 2-in. 

3 doz. caulking irons, single crease. 

4 plated angle bevels. 

2 joiners’ cramps, 6* ft. long. 

60 h. IJ-in. bar iron. 

130 lb. soft iron wire, No. 12 B.W.G. 

1 cwt. white lead. 

10 door locks (different). 

2 doz. padlocks. 

5 doz. 4-in. butt hinges. 

2 gross IJ-in. screws. 

1 gross 1-in. screws. 

7 gross smaller (for locks). 

10 pieces of unbleached calico (for making tight joints in pipe). 

2 doz. ordinary iron buckets. 

2 doz. black iron scoops. 

1 doz. hard brushes. 

20 bottles mercury. 

2 No. 5 “ monitors,” with deflectors and nozzles. 

2 18-in. vacuum valves. 

2500 ft. 18-in. diameter pipe, No. 14 B.W.G., J-in. rivets. 

500 ft. 1.5-in. diameter pipe, No. 14 B.W.G., J-in. rivets. 

100 ft. 30-in. diameter, tapering to 18-in., No. 14 B.W.G., and 
J-in. rivets. 

2400 ft. run of 11-in. by 3-in. timber, cut into 11-in. by IJ-in., in 
20-22 ft. lengtlis, second St. Beter&burg deals. 

4000 ft. run 6-in. by 4-in., in 12-22 ft. lengths, third St. Peters- 
burg deals. 

1 small distributor. 

Melting pots, ingot moulds. 

Chemicals — borax, carbonate of potash and soda, &c. 

Tongs, cobbing hammers, and iron plates. 

Blankets, cold chisels, scales and weights. 

Red lea'i, litharge. 

The cost of the above will be under 2,000Z. 
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Gold: Cost and Profit of Quartz Mines, 

Circurastnnoes vary so widely at different mines that no general 
estimate of cost or profit could possibly be deduced in a form that 
would have any practical value ; but it may be useful to quote the 
prices jiaid for crusliing quartz in Victoria. These range from a 
‘minimum of 4«. to a maximum of 15.v. a ton, the majority being 
about 58. a ton where water power is available, to 8». and upwards 
where the motor is steam. Tlie success of a quartz mine depends 
quite as much on favourable working conditions as on richness in 
gold. Hence it may happen that a mine carrying 5 oz. of gold to 
tlie ton, but badly situated, may be inferior as an investment to 
another showing only .5 dvvt., but favourably circumstanced. There 
are a great many mines where 3 to 4 dwt. of gold cover evciry item 
of expenditure, the excess being clear profit. In fact, one Victorian 
mine, in the Blackwood Division, satisfied its owners with a yield 
of 1} 2 dwt. a ton, crushing with water power. On the other 
hand, mines which have been credited with giving extraordinary 
assay values have not paid for workitig. So much depends on 
local conditions and p)roper management, 


Gold Amalgamating : Copper Plates, 

From inquiries made of a number of Australian managers, the 
following inclines per ft. are recommended for copper plates, viz,, 
J in., If in., I in., 1 in., IJ in., 1,^^^ in., 1} in., IJ in., 1-,^ in., or an 
average of exactly 1 in. per ft. Bland finds amalgamated plates 
less efficient than mercury drops and blanket tables, and mentions 
that the incline depends greatly upon the supply of water — the 
smaller the supply the greater must be the incline. Clark states 
that copt)er plates are generally laid on the ripple tables between 
the wells of mercury, the object being to bring every particle of the 
crushed sand, as it escapes from the battery, iu contact, as far as 
possible, with the surface of the mercury, or with the silvered 
surface of the copper plates. The incline of 1 in. hfis been found 
to work very well for all kinds of stone operatc-d upon, just enough 
water being used to clear the table. Too much water is objection- 
able, as it i.s likely to carry away fine gold. Parker remarks that 
a great deal depends upon tlie width of the tables ; if they are 
made the full width of the boxes, more water must be used, or the 
incline must be greater. Whore tables are narrowed to suit the 
discharge of the gratings, the plate laid immediately under the lip of 
the box should not have a greater incline than J in. per ft. The 
second plate leading to the blanket strakes should have an incline 
of 1 in. per ft., and the blanket table li in. per ft. If the tables 
are the full width of the boxes, the top plate should have ^ in. 
iucline, and the second plate 1| in. per ft. It must be understood 
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A malgamating — continued. 

that this last paragraph refers only to plates laid outside the 
mortar or coffer, as few, if any, Australian mills have plates inside 
the mortar. 


Gold Amalgamating : Arrastra. 

The working capacity of the simplest arrastra varies from 1 to 2 
tons a day. A 12-ft. arrastni driven by power, with heavy drags, 
making 15 revolutions per minute, may treat two charges of 2 tons 
of ordinary ore in 21 hours, if very close work is not necessary ; but 
this is tlio extreme limit of its capacity. Tlio labour required is 
extremely small. One man per shift can easily take care of two 
arrastras. Sometimes, when working on tailings, and running by 
water power, the disposition of the mill is such that the only labour 
required is for feeding and discliarging, being mucli h^ss than the 
work of one man. The owner of the mill may do all the work 
liimself. With continuous action, the labour is still smaller, being 
simply that iietKlod for repairs. Where water power is available, 
small overshot wheels, or turbine “ hurdygurdics,’^ are used. A 
simple arrastra for mule power can be built for 20/. to 30/. The 
cost of 2(J complete mills, having 92 arrastras, in 1880, was 
137,590 dols., or an average of 5292 dols. for each works, or 
1495 dols. (say 75/.) per arrastra, including all the rest of the 
plant. This is (;ousi(lerably above the cost of ordinary arrastra 
mills. The arrastra at Scales and Wagner’s works, Owyhee 
Oo., Idaho (one of the best), produced in 1880 abiiut 10,000/. 
The charge for treating custom ore iii lots of 100 tons and over, 
is 15 dols.; for lots of 50-100 tons, lt> dols.; and a corresponding 
increase for smaller lots. Tlio jdant consists of a battery of 10 
light stamps, 2 arrastras, 3 half-ton Wheeler pans, 2 settlors, and a 
retort. 


Table 107. — Arrastra : Working figures in summer, on a 12 hours* 
shift ; — 


$ £ «. d. 

4 men inside the mill at fi per 12 hours' shift 16*00 3 4 0 

2 labourers in the summer, on 10 h<»urs’ slilft outwork, at 

^3*60 700 18 0 

2 engineers In winter, on 12 hours’ shift, at §.5 10*00 2 0 0 

dumber of days* work, 330 

Hours of labour to treat 1 ton of ore, 12*7 

Cost of supplies per ton of ore treated 3*95 0 16 0 

Tons of ore treated in 18so (tails about 300 tons), 1772*25 . . 

Lowest yield of ore 38*00 7 12 0 

Highest yield of ore 600*00 120 0 0 

Average 115*85 23 3 6 

Yield of the tails 9*50 1 18 0 
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Table 108 . — Arrastra : Amount of supplies consumed, and 
amount per ton of ore treated : — 


Items. 

Total Consumption. 

Consumption p^r ton 
of Ore treated. 

Amount. 

Cost. 

Amount. 

Cost. 




^ C. 


Sc. 

s. 

d. 

Ked fir 

cords 

575 

4,168 75 

0'.32 

2 ;ir> 

9 

5 

Quicksilver 

lb. 

3,000 

1,440 0 

1 *69 

0 81 

3 

4 

iklt 


U,000 

420 0 

7-89 

0 24 

1 

0 

Bluestone 


3,000 

750 0 

1-69 

0 42 

1 

9 

Lard oil 

gal. 

20 

40 0 

0*01 

0 2 

0 

1 

Chemicals and sundries 


•• 

200 0 

•• 

0 11 

0 

5 

Total .. 

•• 


7,018 75 


3 9.5 

16 

0 


Gold Amalgamation : Mercuru, (Kirkpatrick). 

The pellicle formed on mercury by absorption of oxygen from 
the air, can be removed by passing a largo and quite dry glass tube 
over the surface, rolling it gently. Or, add a little concentrated 
sulphuric acid to the mercury in a stoneware dish or glass bottle, 
and shake about till the mercury is brok(?n up and thoroughly 
brought into contact. Leave for 2-3 days, and then wash com- 
pletely and repeatedly in clean water. 

'fo remove metallic impurities, after redistillation, replace the 
mercury in the iron bottle, add nitric acid mixed with a double 
volume of water, and heat to F. Leave the acid in the botlle 
for 24 hours, shaking well occasionally. Then drive off the water 
by gently heating the bottle. Remove the crust of nitrate of 
mercury, aud wash tharowjhly with clean water. 


Gold : Chlorinatvm by Plymouth Co. 

They treat 100 tons of concentrates per month of 30 days. The 
leaching occupies only 24 days in the month. 
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Table 109. — Chlorination : Expenses per month. 


Roasting. 

$ c. $ c. 

3 men at ^2 • 50 a day for 30 days 225 00 

H cords w ood at $4*25 223 13 

64 lb. salt at i c 12 16 

460 28 

Chlorine. 

60 lb. manganese per da 3 ’^ at $47 per ton 33 84 

65 lb. Hall per day at $15 12 24 

120 lb. acid per day at $60 86 40 

132 48 


Leaching. 

40 lb. Rnlpliuric acid for 24 days . , . . 

40 lb. Hulpbato of iron for 24 days . , . . 


1 leaclier at $6 *50 for 30 days 165 00 

Salary of foreman 12.5 00 

347 60 


940 36 


Or, per ton of concentrates, $9*403. 

At the Providence Mine are 2 roasting furnace's of the capacity 
of 9 tons in 24 hours. Each furnace requires 1 cord of wood in 
that time. 


Table 110. — Chlorination: Cost per diem. 


$ c. £,8. d. 

1 foreman 3 00 0 12 0 

1 white labourer 9 25 117 0 

6 Chinamen at $1 *50 .. 7 60 1 10 0 

2 cords wood at $5 10 00 2 0 0 

29 lb. binoxidc manganese at 21 c 0 80 0 3 4 

260 lb. salt at 1 c 2 60 0 10 6 

216 lb. sulphuric acid at 2 c 4 32 0 17 6 

Lime, sulphur, and calcium hyposulphite 0 30 0 1 3 

Illuminating 0 20 0 010 

Extras 1 00 0 4 0 

Total 58 97 7 16 4 


This makes the cost of treatment per ton of sulphurets 3 * 55 dols. 
(14s. 9d.) when the works are run at full capacity. But the ore 
contains about 7 per cent, of sulphurets, or 4^ tons in the 62 tons 
milled daily. This quantity of sulphurets does not keep the two 
furnaces running at full capacity, but both are in continual ** 
operation. Most of the expenses remain the same whether running 
at full capacity or not ; the actual cost, therefore, figured on a 
working basis of 4^ tons daily capacity, approximates as in 
Table 111. 
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Table 111. — Chlorination: Cost per ton. 


$ c. £. $. d. 

Labour 12 75 2 13 2 

2 cords wood at $5*00 10 UO 2 1 7 

14 lb. binoxidc mungancse at 2|c 0 38 0 1 7 

126 lb. at I c 1 26 0 5 3 

104 lb. sulphuric acid at 2 c 2 08 0 8 8 

Lime, sulphur^ and calcium hyposulpliiie 015 008 

llluminatiug 0 20 0 0 10 

ICxtras 0 50 0 2 1 


Total per day .. 27 32 5 13 10 

Adding to this the cost for milling per day . . 57 50 11 19 7 


The total outlay per day equals 84 82 17 13 5 


Or $1*37 (6*. Sd.) per ton for extracting the gold and silver from the ore. 


This estimate makes no allowance for the expenses of general 
supervision, intt^rest on first cost, and gradual deterioration. The 
conditions of treatment in these works are, however, very special, 
and can hardly lie considered as a basis for the general cost of 
treatment elsewhere. 


Table 112, — Gold; Cost of Chloi'inating 5136 tons of Salphurets at 
Sutter Creek. 


Kxpen?e. 

Total 

Amount. 

Lb. 

per ton. 

Cost per ton. 

1 

Labour and superintendent's salary, at $200 

$ c. 


$ c. & s. d. 

per month 

30,339 00 


7 66 1 11 11 

82 tons peroxide of manganese, at $40 per ton 

3,280 00 

32 

0 64 0 2 8 

128 tons salt, at $15 per ton 

1,920 00 

60 

0 38 0 1 7 

308,160 lb. sulphuric acid, 66°, at 3^ c. per lb. 

10,785 60 

60 

2 10 0 8 9 

2668 cords of wood, at $6 per cord . . . . 

General expenses for 6 years, including 
assaying, repairing, sundry supplies, hose, 
tools, &c., insurance, taxes, water, new 
vats, interest on capital invested, repairs 

16,408 00 

i cord. 

3 00 0 12 6 

on furnace and buildings 

19,003 20 

•• 

3 70 0 15 5 

Total expense . . 

89,735 80 

•• 

17 48 3 12 10 
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Table 113. — Gold: Chlorination; Cost hij barrel process at Hailey 
South Carolina (Thics). 

Working on 4 tons daily. 


$ c. £ d. 

40 lb. lime chloride, at 3 c 1 20 0 5 0 

60 lb. sulphuric acid, at 2 c ] 20 0 5 0 

2 laboureis, at 90 c 1 80 0 7 6 

1 cblorinator 2 0 0 8 4 

Motive power 0 60 0 2 1 

Sulphuric acid for making iron suljdiate 0l2i 006 

Repairs and wear 0 20 0 0 10 


Total $7 2.} £19 3 


Or, $1 76 c. (7«. 4d.) per ton. 


Table 114 . — Gold ; Chlorination ; Cost at Bunker Hill, 


$ c. £8. d. 

Labour, per ton 4 75 0 19 9 

Power and water 0 50 0 2 1 

Wood, I cord at $6 3 75 0 16 8 

30 lb. lime chloride, at 4 c 1 20 0 5 0 

36 lb. sulphuric acid, 66°, at 3^ c 1 26 0 6 3 

20 lb. salt, at i c 0 15 0 0 8 

Oeneral expenses — assaying, melting, tuxes, insurance, repair- 
ing, loss of material in handling, interest, &c 3 00 0 12 6 

Total $14 61 £3 0 11 


Table 115. — Gold: Chlorination; Estimated cost by Plattner Process, 



$ c. 

£ 8. 

d. 

Labour 

4 00 

0 16 

8 

Wood 

3 00 

0 12 

6 

Peroxide manganese 

0 65 

0 2 

9 

Salt 

0 35 

0 1 

5 

Sulphuric acid 

2 00 

0 8 

4 

Incidentals — taxes, insurance, ordinary repairs, iron sulphate, 
assaying material, &c 

3 00 

0 12 

6 

Total 

$13 00 

£2 14 

2 
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Table 116. — Gold : IJxiviatlon xcith HyposulphUes at Bertrand Mill 


Labour per 24 liours for treating 50-G0 tons. 




c. 

S C. 

£ S. 

d. 

Roasters—fumace men 

.... 2 

at 4 00 

8 00 

1 12 

0 

„ — feeders 

• • • • 2 

„ 3 00 

« 00 

1 4 

0 

Driers and rolb^rs , . 

.. .. 10 

„ 3 00 

30 00 

6 0 

0 

Cooling-floor 

. . . . 6 

„ 3 00 

18 00 

3 12 

0 

Leaching-floor, Chinamen 

.. .. 2 

» 2 60 

6 00 

1 0 

0 


.. .. 3 

„ 1 60 

4 50 

0 18 

0 

Bocli breakers 

.. .. 2 

„ 3 00 

6 00 

1 4 

0 

Flue cleaners 

« • • • 4 

„ 1 50 

6 00 

1 4 

0 

Blacksmith 

.... 1 

„ 6 00 

6 00 

1 4 

0 

„ helper 

.... 1 

„ 3 00 

3 00 

0 12 

0 

(Carpenters 

.... 2 

„ 6 00 

10 CO 

2 0 

0 

Engineer 

1 

„ 5 00 

5 00 

1 0 

0 


. . . . 1 

„ 4 00 

4 00 

0 16 

0 

Fireman 

.. .. 1 

2 60 

2 50 

0 10 

0 

Asaayer 

.. .. 1 

5 00 

5 00 

1 0 

0 

l.amp cleaner 

.. .. 1 

1 50 

1 .")0 

0 6 

0 

Foreman 

. . . . 1 

6 00 

6 00 

1 4 

0 


1 

5 00 

5 00 

1 0 

0 

Office helper . . . , 

, 1 

1 60 

1 50 

0 6 

0 

General helper 

1 

3 00 

3 00 

0 12 

0 

Watchman 

1 

3 00 

3 00 

0 12 

0 

Woodmen, Chinamen 

3 

1 60 

4 50 

0 18 

0 


1 

3 00 

3 00 

0 12 

0 




$146 50 

£29 6 

0 


All the charging, disci larging, and leaching are done by 4 
Chinamen and 8 Irishmen. The total cost of milling the ore is 
6*25 dols. (265.) per ton. The cost of mining and delivering the 
ore at the mill is about 2*50 dole. (10s.), whicli makes the total 
cost about 9 dols. (36s.) per ton of actual expense on each ton of 
30-oz. ore. 


Table 117. — Gold: Coasting and Grinding Pyrites at Port Phillip. 


Cost per ton — £ «. d. 

Buddie expenses 1 i 8 

Boasting — Labour, 13s. 3d.; fuel, 12 3 

Grinding, labour 0 13 3 

Mercury lost, 1 lb. ox., vvj[ue 043 


Total cost per ton 3 16 


C!o8t per oz. of gold obtained 0 13 2 
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Table 118. — Gold : Boasting and Grinding Pyrites at Walhalln, 


8. d» 

Firewood 13 o 

Wages 16 7 

Repairs, cleaning flue, &c 4 2 

Per ton 33 9 


Table 119 . — Gold: Concerting Percentages into Troy Weightier 
Statute Ton. 


Pcrceniage. i 


Per ton. 

Percentage. 

F’er ton. 

1 

OZ. 

dwt. 

gr. 


oz. 

dwt. 

gr. 

0*0001 

0 

0 

15*6H 

0 06 

19 

12 

0 

0*0002 

0 

1 

7*36 

0*07 

22 

17 

H 

o*ooo:; 

0 

1 

23*01 

0*08 

26 

2 

16 

0*0004 i 

0 

2 

14*72 

0*09 

29 

H 

0 

0*0005 

0 

3 

6*40 

0*1 

32 

13 

8 

0 0000 

0 

3 

22*08 

0*2 

65 

r, 

16 

0 0007 

0 

4 

13*76 

0*3 

98 

0 

0 

0 ooos 

0 

5 

5* 14 

0*4 

130 

13 

8 

0*0000 

0 

5 

21*12 

0*5 

163 

6 

16 

0*00i 

0 

6 

12*8 

0*6 

196 

0 

0 

0*002 

0 

13 

1-6 

0*7 

228 

13 

8 

0*003 

0 

19 

14*4 

0*8 

261 

6 

16 

0*004 

1 

6 

3*2 

0*1) 

294 

0 

U 

0*00.5 

1 

12 

16*0 

1*0 

326 

13 

8 

0*006 

1 

19 

4*8 

2*0 

653 

6 

16 

0*007 

2 

5 

17*6 

3*0 

980 

0 

0 

0 008 ' 

2 

12 

6*4 

4*0 

1306 

13 

8 

0*009 

2 

18 

19 2 

5*0 

1633 

6 

16 

0*01 

3 

5 

H*0 

6*0 

1960 

0 

U 

0*02 

6 

10 

16*0 

7*0 

2286 

13 

8 

0*03 

9 

16 

00 

8*0 

2613 

6 

16 

0*04 

13 

1 

8*0 

9*0 

2940 

0 

0 

0*05 j 

16 

6 

16*0 

10*0 

.3266 

13 

8 


/;x.— 500 gr. ore gave 0*044 gr. gold, what is the yield per ton? 

100 gr. of the ore will give 0*044 -j- 5 = 0*0088 gr. ; and 
Per cent. oz. dwt. gr. 
Acceording to table 0*008 = 2 12 6*4 

„ „ 0 0008 =. 0 5 6*44 

So 0*0088 = 2 17 11*84 per ton. 



Table 120. — Gold: Reckoner^ by which the Value of any mnnher of oz., dwt.j and yr. may be readily ccdculaied. 
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Table 121 . — Qttantitu of Fine Qold in 1 oz. of any alloy to ^ Obraf, and 
the Mint Value of the Qold in 1 oz. of each Alloy, 



Fine Gold. 

Carat Gold. 

Sterling Value. 



oz. 

dwt. 

gr. 

carats, gr. eighths. 

£ t. 

d. 



1 

0 

0 

24 

0 

0 

4 4 

11*464 



0 

19 

4 

23 

0 

0 

4 1 

4*977 



0 

18 

8 

22 

0 

0 

3 17 

10 500 



0 

17 

12 

21 

0 

0 

3 14 

4*023 



0 

16 

16 

20 

0 

0 

3 10 

9*545 



0 

15 

20 

19 

0 

0 

3 7 

3 068 



0 

15 

0 

18 

0 

0 

3 3 

8*590 



0 

14 

4 

17 

0 

0 

3 0 

2*113 



0 

13 

8 

16 

0 

0 

2 16 

7*636 



0 

12 

12 

15 

0 

0 

2 13 

1*169 



0 

11 

16 

14 

0 

0 

2 9 

6*682 



0 

10 

20 

13 

0 

0 

2 6 

0*204 



u 

10 

0 

12 

0 

0 

2 2 

6*727 



0 

9 

4 

11 

0 

0 

1 18 

11*250 



0 

8 

8 

10 

0 

0 

1 15 

4*773 



0 

7 

12 

9 

0 

0 

1 11 

10*295 




16 

8 

0 

0 

1 8 

3*818 




5 

20 

7 

0 

0 

1 4 

9 *.341 


/%! 


' 0 

0 

4 

8 

6 

5 

4 

0 

0 

0 

0 

0 

0 

1 1 
0 17 
0 14 

2*863 

8*386 

1*909 




0 

12 

.3 

0 

0 

0 10 

7*432 


1 

0 

0 


•t 

0 

0 

0 7 

0*954 



0 



1 

0 

0 

0 3 

6*477 


i 0 

/ 

e 

% 

0 

3 

0 

0 2 

7-858 


! 0 


0 

2 

0 

0 1 

9*239 


0 

0 

’/rS 

0 

1 

0 

0 0 

10*619 


1 « 

0 

4*375 

0 

0 

7 

0 0 

9*292 


; 0 

0 

3*750 

0 

0 

6 

0 0 

7*904 


0 

0 

3*125 

0 

0 

5 

0 0 

6*637 


0 

0 

2*500 

0 

0 

4 

0 0 

5*309 


0 

0 

1*875 

0 

0 

3 

0 0 

3*982 


0 

0 

1 *250 

0 

0 

2 

0 0 

2*655 


; 0 

0 

0*625 

0 

0 

1 

0 0 

1*3*27 



£ 8, d. 


l oz. pure {?old is worth 4 4 H 

1 dw t. „ „ 0 4 3 

1 gr. „ „ 0 0 2 


Ex . — If a sample of bullion is 20 carats 8 gr. 5 eighths, how 
many troy dwt. and gr. are there in it, and what is the value of 
the gold in the alloy ? 

According to table 


dwt. gr. £ 8. d. 

20 carats = le 16 = 3 lo 9-.‘S45 

3 grains 0 16 =02 7-86S 

6 eighths = 0 3*125 .. .. = 0 0 6*637 

Answer 17 10* 125 3 14 0*040 


P 2 
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Gold. — Refining Bullion^ (Sage.) 

(1) Jnqunrtation and Granulation of the Bullion. — The gold and 
silver are sent fiorn all parts of the country, consisting of bullion, 
aiUHlgains, plate, &e. Tln*sc are molted and assayed, and are then 
turned over to tlic melter and refiner. The bullion is again melted 
in a large graphite erucil^le, the charge being made up so that the 
gold shall not exceed the J, nor the copper part of the entire 
weight. When the metal is melted and thoroughly mixed, it is 
granulated liy pouring, witli a peculiar rotatory motion, into a 
cylindrical iron tank, H ft. high by 3 ft. diameter, filled with cold 
wak'r, and supplied with a copper colander, which, when the 
chiirg(j is all griinulated, is raiscid by means of an iron crane, the 
water nearly all running off. It is then poured on an inclined iron 
tiihle to allow the rest of the water to drain off. 

(2) Solution of the G ramdations . — The pots used for parting the 
alloy are made of cast iron, ft. and 2 ft. in diaiuidor, by 3 ft. and 
2 ft. in depth, and arc*- set on brick fireplaces. There are 4 pots 
hohJing IfiO gul,, and 3 hohliug 50 gal. Kaeh pot is oove^jed w^h a 
funnel-shaped hood of slieet lead, with an openiip’' 

through which t lie charge is introduced, and which ll ns -^‘g 
door. From each of these hoods a flue h'ads to the 
chambers on the floor above ; from the last of thescj a lo^. i Jinj 
hfudeu flue leads into tin; stack. Both chamberi iiQ,vo *^ldntfornu 
on which coke is laid several fe(5t in thickness (fi.»opigh which tlu 
fumes pass, and are condensed), and are su^iVi'dietl with wate? 
sprinklers, so that a spray of water is continually cooling the 
atmosphere. Nitrous fumes are furnished by soda nitrate, acted 
upon by sulpliuric acid. 

About 300 lb. of the granulations are put in each of the larger 
pots, witli about 050 lb. sulphuric acid, and 250 lb. more of the acid 
is gradually added during 3 hours’ boiling. The resulting solution 
is tlieii siphoned olf into the receiving vats on the floor below. 
The fire being withdrawn, a i)artial charge of acid is added, and the 
gold residue is taken out by means of a peiforatid iron ladle, 
placed in two of the smaller jwts, and boiled for 6 hours with 3 suc- 
cessive charges of alKmi 300 lb. of acid. It is then j) laced in the 
third pot and boiled twice. The acid from the last 5 boilings is 
poured or run off into res<^rvoirs on the floor, and is used again as a 
portion for fresh granulations. The gold is then placed in a tub, 
and washed once with cold, and twice with warm water : this water 
is poured into the washing-tub, from which, on settling, the solution 
is run into a large tank on the floor below. 

(3) Treatment of the Gold Residue. — ^The gold is now emptied into 
one of the filters, washed thoroughly with warm water till it 
becomes “sweet,” drained, boiled in 2 charges of acid for 4 hours, 
and as^ain wa.shed and sweetened. When it is desired to make 
very fijje metal this process is rei)eated. It is then thoroughly 
drained and caked by a hydraulic press. 
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Ee fining — cont i » ued. 

(4) Melting and Eejining the Gold , — After the gold residue is 
pressed into c.ikes, these are placed in an oven and dried, then 
taken to the melting room, whore they are broken up and plnced in 
a graphite crucible, fluxed for 3-5 hours, and run iiito bars, varjdng 
from 997J to 998J thousandths in fineness. 

(5) Eeihu ti'Ht of the Siimr. — 'rhere are for this operation 4 re- 
ducing vats, 2 concent ni ting vats, 8 crystallising vats, and 3 filters, 

*2 ft. 9 in. dinnnder by 19 in. deep, with a space below; 2 tanks on 
a high platform receive the washings from the gold. Th(^ sizes of 
the reducing, concentrating, and crystallising vats vary, on account 
of having to accommodate them to a given spac«\ Tlie vats and 
tanks are made of wood, and lined with lieavy sheet lead. The 
reducing and (concentrating vats are' luiated by a system of coils of 
lead j)ipe, tlimugh wliicli steam passes. Tliese vats are inclosed, 
and connect by a line with the stack. 

Before the silver sulj)hato is run into the vats, ingots or bars of 
copper are placed on end around the sides an<l bottoms, next to the 
heating coils. The solution is then run in. A suflicient amount of 
water, togeilier with the weak solution obtained in washing the 
gold, is added to reducci the strength of the solution to 15°-25° B., 
which has Ixu ii found to fac'ilitate the rciduciion. The sulphuric- 
acid leaving tlie silver toatta -k the copper, the silv(U’ is precipi- 
tated or deposited as metallic silver. It rcnpiires 5- (i hours* boiling 
to complete the reduction. 

The resulting copper solution is run oft' through a filter into a 
concentrating vat. The silver remaining on tlie (jopiur bars is 
scraped olf, and the whole is put into a filter. Copper hoes and 
shovels are used in the liamlliiig of the silver. About 2 hours* 
washing with warm water is required to “ sweeten ** the silvt^r. It 
is then put into the draining boxes, made into cakes by a hydraulic 
press, and dried iu an oven similar to that nsi d for gold. When 
silver containing little or no gold is operated upon, 350 lb. of 
granulations are dissolved in one pot. With baser metals, the 
charge of gi anulations is reduced, copper re(iuiring much more acid 
to dissolve it than silver. 

(h) Melting and Eejining the Silver , — The cakes are broken up, 
placed in graphite crucibles, and fluxed with soda nitrate, borax, 
bone ash, and a little soda asli. These reagents absorb tlie little 
base metal which remains, as sulphate, in washing. From A to 
6 houi'S are required for fluxing. The silver is then cast into bars 
of 998i to 999J thousandths fine. 

(7) Treatment of the Sulphate of Copper . — The solution of copp«*v 
being run into the concentrating vats, is boiled until it reaches the, 
strength of 40^ B. and run into crystallising vats. In several days 
crystals are formed, and the motlier-liquor is run into a large lank 
on the floor below, and thence into the carboys or tanks of pur- 
chasers. The crystals of copper sulphate are taken from the 
sides and bottom of the vats, drained, dissoIy(.d in water, and run 
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back into tl\e cry Ptal Using vats at a strength of 32^-34*^ B. Tlie 
copper sulphate again crystallises, and the mother-liquor is put 
l»ack into the couch* nt rating vats. The crystals are then taken 
from the vat*^, dried, put into barrels, and sold. 

If load is ])resent to any extent in the bullion, it is removed by 
cupellatinn belbre granulating. 

The co]isuinpti(tn of copper is greaily economised in the reduction 
of silver by ni(*11ing silver d< ‘posits free from gold and under 400 
tine with the coppt'r used for that purpose. 'J'he silver in them is 
thus obtained pure, without a direct ])arting, the copper alloy 
til king the ])la(;o of that amount of the purchased metal that would 
otherwise ho used. 

The proceeds of the sale of coj)pcr snlphate crystals, and the 
licpior, nearly cover tlu^ total expense of tlio acid ami bar copper 
Itoiigbt. 

All wood, after it becomes nseh^ss, is burnt ; old, unserviceable 
criicibles are broken nj) and ground. Tlic grains obtained from 
them are melted and trealed as before, then put through a rough 
wasliing and amalgamation process; tin*, resulting tailings arc 
dried, assayed, barrelled, and sold to sweep smelters. 
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GOLD MILLS. 

Specifications for \0-stamp Mill for Working Frre-milUng Ore. 
(Fraser aud Chalmers, Limited.) 

Breaker, (drizzly, and Feeders. 

1 Blake eccentric pattern improved crusher, 10 x 7, all 
complete. 

1 grizzly, or ore scroon, about 4 X 10, made from 2 x f iron, 

with wasluirs between to make opening about 2 in., rods to 
connect bars, with nuts for same. 

2 Tulloch automatic feeders, complete, witli wood frames and 

sheet iron hoppers. 

All necessary track iron and wood screws for Irack for feeders to 
run upon. 

Stamps. 

1 10-stamp mill of 850 lb,, each stamp of imi)rovod design, 

arranged to run in one battmy of 10 stamps, by belt and 
tiglitcuei* from stamp countershaft. 

2 high ranrh^rs or batteries, each about 5000 lb. weight, planed 

upon bottom and for screen frames, foundation bolt-lioles 
drilled by h'mplaie, mortars arranged inside for receiving 
copper lining front and back. 

2 hard wood screen frames fitted to mortars. 

4 wrought iron beys for holding screen frames in place. 

2 Russia iron slot punched screens, of such size as may be 
required. 

10 patent stamj) shoes, made from white iron, with soft grey iron 
necks. 

10 dies, of best quality white iron. 

10 heads, bored for stems and recessed for slioe stem. 

10 stems, both ends tapered, made from Ix^st refined iron. Ends 
being tapered, when one end breaks the stem can be reversed 
and other end used. 

10 tappets with wrought jib and steel keys, all properly fitted 
to place. 

10 cams (5 right and 5 left hand) fitted to cam shaft with 
steel keys, all properly marked to place, to give proper 
drop. 

1 heavy hammered iron cam shaft turned full length and key- 

seated for pulley and cams. 

2 wrought collars and steel set screws, fitted to cam shaft. 

3 heavy corner cam shaft boxes, babbitted and bored, planed 

upon back, and furnished with bolts and caps. 

2 Jack shafts, not turned. 

4 Jack shaft boxes. 
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Specifica tions — con t i n nod . 

10 iron sockets for wood levers, lined with leather. 

10 wood levers or finger pieces, for holding np stumps, fitted to 
sockets. 

1 pair of double sleeve flanges for wood pulleys, turned and 
fitted together, with wood work built u[), hub key seated, 
wood work turned up and painted, and securely bolted 
through flanges. 

All bolts, rods, nuts, and washers, for 10-stamp frame work 
Complete, including all holding-down bolts and washers for 
mortars. 

1 complete set of hardwootl guide boxes, all worked out for 

stamp stems, with all guide bolts, nuts and wasiiers. 

2 pieces of rubber packing, f in. thick, for top of mortar blocks, 

for mortars to rest upon. 

W ater Pipes. 

1 complete set of water ])ipes for 10 stamps prop(T, with valves 

and fittings roa<ly for connection with main supply, also hose 
for washing copper plates in front of mill. 

Copjier. 

2 sheets of pure L. S. copper, 96 in. by width of mortar by iti., 

for tables in fiord of mill. 

2 sheets of pure L. S. copper, in., for mortars inside, all 
fitted, front and back. 

2 sheids of pure L. S. copper, in., for mortars inside, all 

fitted, sides. 

Building Bolts. 

1 complete set of building bolts, rods, nuts, and washers, for 
frame of building, and also for ore bins. 

Tighteners. 

1 stamp tightener for stamp belt, complete, with wood frame, 
rack, pinion, hand wheels, dogs, etc. 

1 breaker tightener for breaker belts, complete, with swinging 
frame, chain, shaft, and hand whe(*l. 

1 main tightener for engine belt, complete, with wood frame, 
rack, junion, hand wheel, dogs, etc. 

Shafting, Pulleys, and Belting. 

1 main line turned shaft, 35 in. dia. by 11 ft. 3 in. 

3 pillow blocks for 3;^! in. shaft. 

1 pulley, 32 in. by 15 in., to drive stamps. 

1 pulley, 42 in. by 14 in., on engine shaft, to drive main line 
shaft. 

All necessary bolts for pillow blocks. 

All necessary oollarp' d set screws. 

1 turned shaft, 2| in. oy c, fi. in., for driving crusher. 

2 pillow blocks for 2f iu. shaft. 
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, Specifications — con t i ii ued. 

1 pulley, GO iu. by 14 iti., to receive power from engine. 

I pulley, 3G in. by 10 in., to drive crusher countershaft. 

I pulh y, 24 in. by 10 in., on crusher countershaft. 

1 pulley, 40 in. by 8 in., to drive crusher. 

All necessary bolts for pillow blocks. 

All necessary collais and steel set screws, 

1 rubber belt, 4o ft. by 14 in., 4-i)ly, for battery. 

1 belt, 49 ft. by 14 in. by 4-ply, for enp^ine. 

1 belt, 70 ft. by 10 in. by 4-ply, for crusher countershaft. 

1 belt, 47 ft. by 7 in. by 4-ply, f«r)r crusher. 

1 belt, 27 ft. by 5 in. by il-jdy, for enj^ino b:'lt feed pump. 

1 hide of lace leather. 

Amalgam Safe. 

1 amalgam safe and strainer, with padlock. 

Retort and Bullion Fuimaco. 

1 retort, complete, with cover, wedge and condenser. 

1 16-ill. bullion furnace, with all iron work, one set of crucible 
tongs, 2 gold bullion moulds, and one set of steel letters for 
stamping bullion. 

Overliead Crawl and Block. 

1 overhead carriage crawl and track iron, with wood screws for 
same. 

1 one- toil differential pulley block. 

Engine. 

1 Fraser and Chidmers^ stationary slide valve steam engine, 
cylinder 9 in. bore by 14 iu. stroke, complete, as per specifi- 
cations altaclied. [This engine has power for driving the 
above described machinery only, together with two or four 
true vauners if required.] 

Boiler. 

1 Fraser and Chalmers’ tubular 8t(‘.am boiler, 40 in. dia. by 
10 ft. long, complete with all fixtures and trimmings, 
breeching and smoke stack, as per our standard specifica- 
tions attaclied. 

Feed Pump, Heater, and Pipe.s. 

1 belt feed pump, 2 by 3. 

1 heater, witli pipe coil. 

All pipes, valves, and fittings for steam, water, and exhaust to 
make power complete, as per plans we furnish. 

Total approximate weight 60,009 lb. 

— To the above on most gold ores must be added for concen- 
trating the sulpburets eight fruo vanning machines, with amalgam 
savers and all necessary shafting, pulleys, and belts, for driving the 
same. This will increase the weight of mill to say 85,000 lb. 
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SILVER MILLS. 

Specifications for 10-stamp Wet Crushinf/ Mill. (Fraser and 
Cliuinicrs, Limited.) 

Crusher. 

1 10 by 7 in. Blake crusher, to be furnislKjd complete ready to 
run wlieii s(d \n place. 

1 duplicate set of jaw plates for above crusher. 

Grizzly. 

1 grizzly or ore screen for relieving breaker, size 1 by 10 ft. 

complete. 

Automatic Fof^ders. 

2 Tulloch improved automatic feeders complete, witli wood 

frames uikI sheet iron hoppers. All necessaiy track iron, 
punched and count(*rsunk with wood screws for laying same 
for feeders to oi)erato upon. 

Stamps. 

1 10-stamp mill of improved design, each stamp weighing 850 

lb., arranged to run in one battery of 10 stamps by belt and 
tightener from stamp countersliuft, complete in detail as 
below. 

2 high mortars or batteries, double discjhargts all to be com- 

plete with scioen frame and faee.s planed ; also planed upon 
bottom for rc'sting upon foundation. Tlie bolt holes drilled 
by template 

4 liard wood senam frain< s fitted to mortars. 

8 wrought iron k« ys for holding screen frame in place, 

4 Russia iron slot punched screens, of sucii size as may be 
required. 

10 patent stamp shoes, made from white iron, with soft grey iron 
necks. 

10 stamp dies of best quality white iron. 

10 stamp heads, bored for stems, and recessfKl for shoe stem. 

10 stamp stems, made from extra fine iron, b(^th ends tapered; 
when one end breaks the stem can be reversed and other end 
used. 

10 stamp tappets, witli wrought iron jib and steel keys all 
properly fitted to place. Tappets faced on ends, 

10 cams (5 right and 5 left hand) fitted to cam shaft with steel 
keys all properly marked to place to give proper drop. 

1 heavy hammereil iron cam shaft, turned full length, key- 

seated for cams and driving pulley. 

2 wrought iron collars with steel set screws, fitted to cam shaft. 

3 heavy cam shaft boxes, babbitted, hammered and bored, 

planed upon back, and furnished with bolts and caps. 
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Sjjecifwatwns — ^continued. 

2 Jack shiifts, not turned. 

4 chairs or sorkets for jack shafts to rest in. 

10 iron sockets for uood levers, lined with leather, for stiimp 
liolders. 

10 wood levers or finger pieces for holding up stamps, fitted to 
sockets. 

1 pair of double sleeve flanges for wood pnll(‘\ , turned and 
fitted together wdth wood work built up between, hub key- 
seated, wood work turned up and ]'ainttd and securely 
bolted til rough tlangos, to be fitted witJi steel key, properly 
marked to place.. 

All TKCcHsarv bolts, rods, nuts, and washers for lO-stnmp frame- 
work complete, including all holding-down holts and washers 
for mortars. 

1 complete set of hard wood guide boxes, all worked out for 

stain]) steins, witli all guide bolts, nuts, and washers. 

2 jiieces of rubber ])acking ^ iu. thick, for toj) of mortar blocks 

for rnoriars to rest u]ion. 

Water Pipes. 

1 complete set of water pipes for 10-stamp mill, including all 

valves, water cocks, and fittings for Bupjdying each stamp 
with water. Connectiou to be prepared to receive water 
from main sujiply. 

Memorandum. 

The pijdng actually furnished does not include sufficient to 
connect witli iimiu supply, as quantity cannot be determined 
upon owing to not kuowitig location of water tank. 

Combination Pans. 

4 imjiioved (roinbiiuition amalgamating pans, each 5 ft. dia- 
meter, with wood st ives, to be furnished with upright cone 
in bottom, upright spindle fitted with separate steel toe, 
2 hand wheels and screw on top of spin^e for raising 
muller nut for screw, driver sleeves, driver arms separate 
from sleeves and bolted to same muller plate. 8 cast iron 
shoes and 8 cast iron dies to each pan, wrought iron bands 
and lugs for staves, step box fitt(^d on plate, which also 
curries one bearing of countersliaft, step box fitted with steel 
buttons and bushings, countershaft, driving ])ulley, out end 
bearing for shaft. All bolts for boxes for bolting to framework. 

Settlers. 

2 8-ft. combination settlers complete, the same in detail os 

pans enumerated above, with the exception of shoes and 
dies. Wooden shoes to be furnished with settlers. 

Clean-up Pan. 

1 48-in. clean-up pan, all complete as usually furnished, the 
same as pans detailed above, 
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Specifications — coiitinued. 

Retort. 

1 12-in. flilver retort, all complete, with Cf)ver bar and hand 
screw for holding cover in place, carriers, fire front coin- 
plete, with fire door and liners, dead piste, back bearer, 
double grate bars, condensing pipe, cast iron ash pan, all 
necessary wall biinlcrs and rods for bracing brick work. 

1 set of eastings for Ifi-in. bullion furnace coinpl(;te, including 
top cover, bearing bars, grate bars, anchor bolts, &c. 

6 assorted black le.nl crucibles and covers. 

1 set of trays or cups for holding amalgam. 

1 pair crucible tongs. 

1 set of bidlion moulds, three in number, assorted sizes. 

1 set of sh^el numbers for stamping bullion bars. 

1 iron floor plate, punched and counhTsunlv, with wood screws 
for laying same.' for retort room floor. 

1 smoke stack for retort bullion furnace, of suitable diameter 
and h'ugib, with base plate and guys for staying stack. 

Quicksilver System. 

1 oompJei(t quicksilv(‘r elevator, wiili rubber belt, Russia iron 
cups, and (dl tixtur<*H and fittings required for making 
( levator complete, inchiding: 

1 upper and lower quicksilver tank. 

2 quicksilver charging pots. 

All pi))(^s, iron cocks, and fittings for the coniplcto quicksilver 
circulating system that may be re(piired to make same com- 
plete. 

Overhead Crawls. 

i* oveilKyni carriage crawls complete. 

2 two-ton difibrcaitial i>ull(^y blocks. 

1 one- ton difi'ercTiiial pulley bluck. 

All necesMury tiack iron, punched and countersunk, with wood 
screws for laying same for overhead crawds to run upon. 
Piping. 

All necessary water i)ipes, valves and fittings for the complete 
mill, for siij)plying pans and settlers witli the necessary 
steam and water, ready to receive connection with main 
supply. 

Tighteners. 

’ 1 crusher tightener complete. 

4 pan tigiiteners com])lcte. 

1 stamp tightener complete. 

Shafting, Pulleys, and Belting. 

All iiecx*8sary shafting, pulleys, boxes and belting for driving 
all of the above described machinery in accoidance with our 
drawings. 

All the belting throughout the entire mill to be Boston Belting 
Company’s best brand. 
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SpGcifi cations — continued . 

All pulleys to bo tnriK.d, faced, and balanced, pillow blocks to 
be planed u])on bottom and lined with best babbit metal and 
bored oul, coui)liug8 to be tittod to shaft with keys, to be 
turned and faced, tdl bolts to be furnished lor all bearings, 
all koN -seats to b(^ cut in shafts so as not to bo in bearings. 

IhiiMing Bolts. 

All necess try bolts, rods, nuts, and washers for the complete.* 
framework of mill building in accordance with our drawings 
us usually furnislied. 

Engine. 

1 FiasiT and Chalmers’ slide valve engine with Corliss stylo 

frann*, size 14 by 24 in., all coni])lete in detail as per printed 
specifications attached. 

Boilers. 

2 Fraser an<l Chalmers’ tubular steam Ixulers, each 48 in. diam. 

by 14 ft. long, comjdcte in dcjtail as per printed specifica- 
tions attacheil. 

Ill atcr. 

1 21-in. tubular steam lieater comidi te, including galvanised 
iion pii^e for i)assing through roof, 

1 No. 3 Knowles’ steam boiler feid juimp. 

All ii(‘cessary pipe connections for projutrly connecting engine, 
boiler, boater and feed piim]». 

Total Approximate Weight, 175,000 lb. 

Sj)ccif cations for lO-‘St<niip Dry-cnishincj ChloricUsing Mill. 
fFraser and Chalmers, Iiimitcd.) 

Boilers. 

2 Fr.isor & Chalmers’ tubular steam boilers, each 48 in. diam. 

by 14 It. long, all complete as per spcjcifications attached. 

1 Fraser & dial rnei s’ Corliss steam engine, size 14 by 42 in., 
Jill enmplele in detail as p(*r specifications attached. Crank 
shaft to be fitted with suitable size clutch coupling for 
coupling to })an line shaft. 

1 Fiaser & Chalmers’ tubular steam heater, 24 in. diam., all 
complete in every respect. 

1 No. 4 Knowles’ boiler feed pump for feeding boilers with 
water. 

All necessary steam, exhaust, and feed pipes to properly connect 
boilers, enj^iue, heater, and feed pump. 

Grizzly. 

1 Grizzly or ore screen for relieving cruslu r, size 4 by 10 ft.: 
made from 2 by 1 in. iron with washers between. Bods to 
connect bars with nuts for same. 
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Ousher. 

110 by 7 Blake crusher, all complete ready to run when set in 
place. 

Automatic Feeders. 

2 Tiilloch automatic ore feeders for stamps, with wood frames 
and sheet iron hoppers. 

All necessary truck iron, ])unched and courdersunk, with wood 
screws for laying same for feed( rs to o])erate upon. 

Stamps. 

1 lO-st^mp mill of improved design, each stamp weighing 

900 lb., arranged to run in one battery of 10 stamps by belt 
and tiglihmer from stamp countcjrshaft, all complete in detail 
as below : — 

2 high mortars, double discharge, ])laiied U])on bottom, and 

faced for screen frames. Foundation bolt holes drilled by 
template. 

4 wood screen frames, fitted to mortars. 

8 wrought iron keys for holding screen frames in place. 

4 brass wire clotli screens of such size as may be rt'quired. 

10 patent stamp slices. 

10 patent stum]) dies. 

10 stamp heads, bored for stems and recessed for shot? 
stem. 

10 stamp stems, made from extra refined iron, both ends tuperod ; 
ends being tapeu’ed, when one end breaks the stem can he 
reversed and othf'r end used. 

10 tappets with wrought iron jibs and steel keys, all properly 
fitted to place. Faces turned. 

10 cams (une.-Jialf right and one-hnlf left hand), fitted to cam 
shaft with steel keys all properly marked to jilace to give 
proper drop. 

1 heavy hammc5rod iron cam shaft, turned full length and key- 

seated for pulley and cams. 

2 wrought iron collars with steel set screws, fitted to cam 

shaft. 

3 heavy corner cam shaft boxes, babbitted and bored, planed 

upon back and bottom, and furnishod with bolts and caps. 
Boxes to be babbitted with best composition metal. 

2 Jack shafts, not turned. 

4 Jack shaft boxes. 

10 iron sockets for wood levers, lined with bather. 

10 wood levers or finger pieces for holding up siami)s, fitted to 
sockets. 

1 pair of double sleeve flanges for wood pulley, turned and fitted 
together with wood work built up between, hubs key-seated, 
wood work turned up, painted and securely bolted through 
flanges. 
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All necessary bolts, rods, nuts, and washers for 10 stamp frame 
work complete, including ail holding-down bolts and washers 
for mortars. 

1 complete sot of hard wood guide boxes for 10 stamps, all 
worked out for stamp stems, with all guide bolts, nuts, and 
washers. 

4 sheets of rubber packing, each J in. thkdc, for top of mortar 
blocks for mortars to rest upon. 

Koasting Furnace. 

1 improved Howell-White roasting furnace, 52 in. diam., at 
small cud, 02 in. diam. at large end, by 27 ft. long, made in 
8 scclions, f in. thick ; sections faci'rl and bolted together 
with in. l)olts, with all fixtures and fittings necessary to 
make the furnace complete in every respect as usually fur- 
nished, including carrying rollers, gearing, pulleys, vertical 
shafting, fire front, grate bars, <fec. 

1 stnolo^ stack 42 in. diameter by 60 ft. long, 

. *100 ft. ji in. guy rope. 

I base plate for btuck. 

1 set of fire tools for the above furnace. 

llevolviug Dryer. 

1 revolving dryer made of east iron, 44 in. diam. at large end, 
36| ill. diam, at small end, by 18 ft. long, made in sections, 
all properly turned and faced, drilled and bolted together 
with g in. bolts; dryer to bo furnished complete with fire 
fiont, grate bars, hearings, binding bars, tie rods, gearing, 
boxes, truck wheels, sole plates for hearings, countershafts, 
tight and loose pulleys, and everything necessary to make 
dryer coniiileto in all respects. 

1 smoke stack for dryer, 24 in. diam. by 50 ft. long. 

300 ft. of g in. galvanised iron guy rope. 

1 cast iron base plate for smoke stack. 

Feeder for Dryer. 

1 Tullocli ore feeder for feeding dryer from ore bins, to be fur- 
nished complete with countershaft and pulleys. 

All necessary track iron, punched and countersunk, with wood 
screws for laying same for feeder to operate upon. 

Sheet Iron Shute. 

1 sheet-iron sliute from dryer to self-feeders at stamps. 

Pans. 

4 improved combination amalgamating pans, each 5 ft. diam., 
with wood staves, to be furnished with upright cone in bottom, 
upright spindle, fitted with separate steel toe, 2 liand wheels 
and screw on top of spindle for raising muller nut for screw 
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driver sleeves, driver arms separate from sleeves and bolted 
to same, muller plate, 8 cast iron shoes and 8 east iron dies 
to each pan, wrought iron bands and lugs for staves, step 
box fitted on which also carries one bearing of counter- 

sbalt ; step box to be fitbid with steel buttons and bushings, 
eounterslmft, driving pulley, out end bearing for shaft, all 
bolts for boxes and for bolting to framework. 

Settlers. 

2 8>ft. improved combination settlers, with wood staves, to be 
comjdeto in every respect as pans above, the enumeration 
being the same cxee])ting shoes and dies, wooden shoes and 
dies being furiiisiied for the scdtltTs. 

Clean-np Pan. 

1 30-in. cloan-up pan with iron sides, complete in every res 2 )ect. 
Fitted will I coiK? pulley for changing S 2 )eed. 

Ore Bin Gate. 

1 ore gaU* complete for ore bins, with rack, hand wheel, slide 
an(l plate. 

Ore Gate for Diyer Pit. 

1 ore gate comi)letc for dryer ])it, with rack, hand wheel, slide 
and jjlate. 

Retort. 

1 14 in, silver retoit comjdete, including cover, bar and nut, 
screw for lioMing cover in place, 3 retort carriers, fire fronts 
complete, with doors and liners, dead j)late, back bearers, 
2 double grate bars, condensing pipe, cast iron ash pan, wall 
binders and rods for bracing brick work, and all necessary 
fittings required for the complete er(',ction. 

Bullion Furnace. 

1 set of castings for 16 in. bullion furnace top, including cover, 
bearing bars, grate bars, anchor bolts, and all fixtures and 
fittings beh'Uging thereto. 

6 assorted black-lead crucibles and covctrs. 

1 set of trays or cups for bolding amalgam. 

1 pair of crucible tongs. 

.2 1000-ounce bullion moulds. 

1 500-oimce bullion mould. 

1 set of steel numbers for stamping bullion bars. 

1 smoke stack for retort bullion furnace, 20 in. diameter by 
30 ft. long, with base plate and guy ropes for staying same. 

1 set of iron floor plates for retort room floor, with all necessary 
screws for laying same. 

Overhead Crawls. 

3 overhead carriage crawls complete. 
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Spedjicati<Ms----~con\ijiViedi, 

Pulley Blocks. 

2 two-ton Yale & Towne differential pulley blocks, with endless 
chain. 

1 one-ton Yale & Towne differential pulley block, with endless 

chain. 

160 ft. IJ by J in. track iron, punched and countersunk, with 
wood screws for laying same. 

Battery Conveyors. 

2 battery conveyors with 8 in. flights, each conveyor 16 ft. 

long, to be furnished comi^lete with shafts, pulleys, pillow 
blocks, and collars. 

Roaster Conveyors. 

3 roaster conveyors with 10 in. flights, each conveyor 16 ft. 

long, to be furnished comi^leto witli pulley, chain, wheels, 
and bearings. 


Qvicksilver System. 

Elevator. 

1 complete quicksilver elevfitor, with rubber l)elts, Russia iron 
cups, and all fixtures and fittings required for making 
elevator complete in every respect. 

1 each upper and lower quicksilver tanks. 

2 quicksilver charging pots for pans, size 12 by 12 in. 

2 amalgam safes with strainers complete, with padlocks and 
duplicate keys, with all necessary fittings and fixtures to 
make same complete. 

1 amalgam car, complete. 

120 ft. one-half round track iron, with spikes for laying same 
for car to operate upon. 

Quicksilver Piping. 

All pipes, iron cocks and fittings for the complete quicksilver 
circulation system that may be required in accordance with 
our drawings and necessary to make system complete in 
every detail. 

Tighteners. 

1 main tightener for 16-in. belt, to be furnished complete with 
pulley, boxes, screws, hand wheel, nuts, and frames, 

4 pan tighteners for 12-in. belt, with improved angle iron 
frames, shafts, pulleys, wrought iron yokes, chains, upright 
shafts, step and guide boxes, hand wheels, and plates. 

1 crusher tightener for 7-in. belt, with pulley, boxes, shaft, 
step, pinion, ratchet, plate, dog and hand wheel, rack, wood 
frame, and bolts. 

Q 
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Dust Pipes. 

1 complete set of galvanised iron dust pipes for removing dust 
from battery. 

Exhaust Fan. 

I Stnrtevimt monogram exhaust fan of suitable size, with 
countershaft complete for above dust pipes. 

Water Pipes. 

All water pipes, valves, and fittings, uecossaTy for the complete 
mill, for suj)plying pans and settlers witli necessary steam 
and water, ready f(»r receiving connection with main water 
supply, but not including pipe for counticting with tank or 
mill supply. 

1 hot ore car, complete, made entirely of iron. 

2 J-toii scoop ore cars, with iron bodies, 18 inch gauge. 

1 set of iron w^ork Ibr transversal car, with axles and wheels. 

180 ft. of 12-11). T-rail, with spikes and joints for laying same 
for cars to run upon. 

All nect^ssary bolts, rods, nuts, and washers for the complete 
frame work of mill building, in accordance with our drawings 
as usually furnished by us. 

7 complete sets of ore gates for pnljj bins, with levers, slides, 
and plates. 

Elevators. 

1 oie elevator complete, comprising: 

1 shaft, 21” by 5 ft. 

2 pillow blocks, 2-j J in. 

2 pulleys, 30 by in. 

1 shaft. in. by 2 ft. G in, 

2 pillow blocks, 2-j^y in. 

1 pulley, IG in. by 8} in. 

All necessary collars, bolts, and steel set screws. 

88 7-in. Due’s lieavy elevator buckets. 

176 bolts for attaching buckets to belt. 

125 ft. 8 in. 5-ply endless rubber belt for elevator, belt punched 
with lioles for attaching buckets. 

Sliafting, Pulleys, and Boxes. 

All necessary shafting, pulleys, boxes and belting for driving 
all of the above described machinery, in accordance with our 
drawings. 

An assortment of copper rivets and burrs. 

Total approximate weight, 265,000 lb. 
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Specifications — continued. 

Addenda. 

Smoke Stacks. 

In the above estimates we have included smoke stacks for both 
roasting furnace and revolving dryer. If, however, it is 
desired to build stacks of brick, omit the smoke stacks we 
have included. Brick stacks are only practicable in some 
localities, and it will be found that iron stacks such as wo 
have included are the cheapest, being much more easy to 
erect. Stacks rolled, punched, and shipped K. D., in orates 
when desired ; usually shipped in riveted sections of 20 ft. 

Fire-brick for Roasting Furnace. 

For lining the 60-in. Howell-White roasting furnace, 3040 
special shaped fire-bricks are required. Sometimes this fire- 
brick can be purchased near the mines. If, however, it is 
desired to have this brick shipped with the machinery, we 
give below the cost and weight. 

3040 special shaped fire-bricks, weight about 36,500 lb., cost 
about SlOdols., F.O.B. cars, Chicago. 

For this amount of fire-brick, you would require about two 
barrels of fire-clay, each costing 4 dols., weighing 500 lb. 
each. 

The mill, as covered by specifications, is complete and auto- 
matic. 

We recommend the use of patent sectional stamp guides instead 
of ordering guides as specified above. 
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GOLD AND SILVEE MILLS. 

Cofnhination Process. (Fraser and C3halmers» Limited.) 

In many so-called free milling ores of silver, or silver and gold 
combined, there are small quantities of sulphides of tlie baser 
metals, not sufficient in quantity or value to make the ore suitable 
for roasting, yet preventing a high extraction by free milling, 
besides increasing the cost of the stime. Such ores are most 
economically treated by a combined process of conctmtratioii and 
amalgamation ; the usual method being to stamp wet — over copper 
plates if gold is present — concentrate on frue vanners, and then 
amalgamate the tailings in pans, preferably by the Boss continuous 
system. The effect of this treatment is as follows:— *tlie free gold 
is caught at once on the copper plates, the sulpliurets are saved as 
a rich product, by the concentrators for subsequent treatment, and 
the residue is in good shape then for amalgamation in pans. The 
benefits to amalgamation, by first abstracting the sulphurets, are 
evident as shown — 

(a) Grinding in the pans is lessened or entirely dispensed with, 
so decreasing wear of castings and fuel consumption. 

(b) Loss of quicksilver is decreased. 

(c) Coarser crushing, and therefore increased capacity of stamps, 
becomes possible. 

(d) Bullion of a higher grade is obtained. 

(e) The total percentage of extraction is raised. 

All these advantages are quite obvious, and may, together 
constitute the difference between a good profit and an actual loss, 
in working some low grade ores. The Montana Company (Ltd.), 
by the adoption of this process, obtained a total increased saving 
over simple pan amalgamation, of from 8 dols. to 10 dels, per ton, 
decreased the loss of (quicksilver by f lb. per ton of ore, and brought 
the grade of th(} bullion from 500 fine up to 900 fine. 

. The cost of this process is from 3 dols. to 7 dols. per ton, saving 
from 75 to 85 per cent. 
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COUPEE SMELTING PliANT. 


Hardware Took and Miscellaneous Supplies required for a 30-^ow Plant 
(Praser and Chalmers, Limited.) 

Haudwake. 


4 iron wheelbarrows. 

6 L. H. square point shovels. 
1 mason’s trowel. 

1 No. 7 26-in. band saw. 

1 nail hammer, No. 3. 

1 set Jennings’ bitts. 

1 set framing chisels. 

1 axe and handle. 
i doz. each axe and hammer 
handles. 

1 doz, each 4 J-in. taper, 1 2-in. 

J round bast, files. 

J doz. 12-in. flat bast, files. 

10 lb. assd. i to |-in. wit)ught 
washers. 

150 ft. 1-in. diam, rope. 

1 12-m. Coe’s black wench. 

1 each twist drill i, 

h l-in* 

5 steel sledges, two 7-lb., two 

8-lb., one 10-lb. 

1 steel square. 

1 each iron sloping bars, f, 
1, l|-in. by 6 ft. 

100 lb. assd. machine bolts, 

I, and -J-in. 


2 No. 10 scoop shovels. 

1 14-in. steel rake. 

1 each stone hammers 8 and 
10 lb. 

1 No. 3 claw hatchet 
1 rachet brace. 

1 each fore and jack plane. 

1 No. 2 machinist B. 
hammer. 

1 doz. sledge handles. 

2 charcoal forks, short handle. 
1 60-lb. grindstone. 

1 set grindstone fixtures. 

1 each single and double pat. 

blocks. 

2 lb. copper rivets and burrs, 

’-in. No. 5. 

1 ratchet drill stock. 

1 N. Y. B. stock and dies. 

1 spirit level. 

12 bars oct. steel — 

4 2 3 3 


6 each ends f, 1, IJ-in. 


BLACKsmTH’s Outfit. 


1 No. 1 riveting hammer. 

1 No. 3 blk. striking hammer. 

2 solid steel sledges. 

1 swage block. 

4 P. W. anvil. 

1 G. H. tuyere, 

1 set top and bottom swages, 

I to 11. 

2 square ffatters. 

2 round flatters. 

set hammer. 


2 hot cutters. 

2 cold cutters, 

2 rd. punches, | by 
2 gouge chisels. 

1 1 round heading tool. 

1 1 square heading tool. 

2 Hardies. 

6 pair assorted tongs. 

1 P.W. vice. 

1 36-iD. extra long bellows. 


Approximate cost, 90 dole. 
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Pipe Fittings. 

2 1-in. hose bibs, S. S. & S. 


1 each pipe stock and dies, 
Nos. 1 and 2. 

1 pair each Brown’s tongs, 
Nos. 2 and 4 . 

each unions 4, f, 1, IJ, Ij, 
and two 2-in. 

6 each tees i, f, 1, li, U, and 
two 2-in. 

G each nipples, i, 1 , IJ, li; 
and two 2-ia. 


1 each pipe cutters, Nos. 1 

and 2. 

2 each extra cutters, Nos. 1 

and 2. 

6 couplings, f, 1, 1}, 1^, and 
four 2-in. 

C ells, j, 1 , IJ, 11 , and two 
2-in. 

1 comb, pipe vice. 


Approximate cost, 100 dols. 


Rurber Goods. 


50 ft. 1 -in. by 4 ply hose in 2 
pieces. 

1 yd. J-in sheet packing, 

2 coils each J-in. tucks 

square packing. 


10 lb. hemp packing. 

1 1-in. nozzle and couplings. 

2 yd. each J, -j^-o-in. sheet pack- 

ing 

I 1 side lace leather. 


Approximate cost, 60 dols. 


Miscellaneous. 


2 soldering irons. 

3 bars solder. 

6 spring oilers. 

1 keg dry red lead. 

5 10 by 14 square lanterns, 

with reflectors. 

6 tubular lanterns. 

3 tubular lantern globes, 

extra. 

12 lantern glasses. 

12 lantern chimneys. 

4 doz. wicks, 

1 6-in. round clock. 

4 bbls. fire clay. 

. 4 bbls. fire sand. 

2 1000 -lb. D. L. platform 

scales, Howe’s broad 
wheel. 


1 1-gal. oil can. 

1 lamp filler can. 

1 keg white lead, in oil. 

1 14 -in. tin head-light. 

1 J-in. mesh sand screen, 

with frame. 

2 each sheet iron, Nos. 10 

and 16 . 

1 No. 2 warehouse truck. 

100 square fire brick. 

50 key fire brick. 

200 wedge fire brick. 

20 gal. valvoline, in f-cases, 
for engine cylinder. 

40 gal. extra W, S. lard oil, 
in |-cases. 
i doz. zinc oilers. 

1 long spout oiler. 


Approximate cost, 340 dols. 
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ORES, TREATMENT OF. 

The following synopsiH cinbracos the recognised methods of deal- 
ing with various ores, two or more methods being sometimes adopted 
in combination. 

If free gold can bo panned out and no sulphurets = Free gold 
milling. 

Free gold found, but also sulphurets, which on being panned out, 
after free gold is separated, assay sufficiently well to pay for treat- 
ment after = Free gold milling, with vanning machines for tail- 
ings ; chlorination, or smelting for product. 

Free gold in small quantities, but n)uch silver present in sul- 
phurots = boasting milling; or free gold milling, vaiiners, and 
smelting; or eoj)per phih‘s, vanners, and pans. 

Chloride of silver or(\s, and decomposed silver vein outcrops, over 
6 oz, per ton = Free silver milling. 

Stiver ores consisting of part chloride or dticomposed, and part 
silver-hearing sulplmrets = Free silver milling, vanners and smelt- 
ing; or if grad(i of ore is high Roasting milling. 

Silver ore with base imital sidphunds, if low grade = Fine com 
centratioii and smelting; if higher grade = Roasting milling. 

Low grade silver ores, with gray copper^ telluridcs^ ruby, brittle, 
or native silver = F'iiie concentration and smelting. 

Heavily mineralised ores of lead^ copper, zinc, often carrying silver 
— Coarse concentration and smelting. 

Lightly mineralised ores of lead, tin, copper, zinc = Fine concen- 
tration and smelting. 

Carbonate or oxide of lead or copper = Smelting. 

Solid gidena ores = Smelting, either after simple hand selection, 
or hand selection and coarse concentration on rejected ore. 

Metallic copper ores = Stamping, with coarse concentration, and 
melting to ingot. 

Antimony ores = Hand-picking, coarse or fine concentration, and 
smelting for metal. 

iTmc'-blende and 2r/;i6‘-carbonates = Coarse or fine concentration, 
and reduction by a zinc smelting process. 

Tin ores = Fine concentration, roasting, and smelting. 

Copper pyrites and copper glance = Hand-picking, coarse or 
fine concentration, partial roasting and matting ; or if on seaboard, 
shipment of selected and concentrated product to refineries; or if 
low grade, sometimes lixiviation for copper and silver. 

Heavy iron pyrites, carrying gold = Chlorination process ; or 
roasting and intermixture with smelting ores. 
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COAL CLEANING. 

Tabic 122— Coal Cleaning: Cost 


Makers. 

Wliere. in Operation. 

Pence per Ton. 

JJell, Wishaw 

Tarniochside 

4-C 

M‘0ullocl> 

i)evon 

4-4S 



1*24 

IHl & llamsay 

Tiirsdale 

1-27 

Itolchow, Vaugiian, & Co 

lUiicliester 

1-48 

Coppee . . 

I)owlais Co 

6*3 

Shei>par(I 

Kiimeil Iron Co 

2-5 

Catron Co 

Carroll 

7G 


Table 123. — Coal Cleaning : Scsrdis and Cost 


Name of Washer. 

1’otal 

Cost. 

Quantity 

of 

Water 
usimI per 
Ton. 

Lobs per 
Ton in 
J)ro8.s left 
in Rubbish, 
calculated 
at 2*-. per 
Ton. 

Cost of 
Washing 

1 per Ton, 

1 

1 I 

Cost per Ton 
of Dross to 
Redeem 
; Capital at 

1 10 per cent., 
30,000 Tons 
p('.r annum. 

Total 
CoMt of 
Washing 
per Ton. 


£ 

gal. 

d. 

d, i 

d . \ 

d. 

Itash Machine — 



« 

* 

• 


IJell & Sons, at Tannochsidc 

600 

200 

1-7 

2f 

•4 

2-9 

M'Calloch's, at Devon . . 

600 

200 

say 1-0 

3 

•48 

3-48 

Trough— 

1 






ibast Howie 

300 

350 to 

nil 

1 

•24 

1*24 

Tursdale 

260 

400 

•7 

1 

•20 

1-20 

Kotary — 



1 


1 


Kobiusoii 

250 

30 

*2 

1 

i *20 

1-20 

Felspar— 







Copiiee . . 

2500 

30U 

1 '3 

3 

2-00 

6-30 

Sheppard 

600 

.. 

* 

2 

•4 

2*40 

Carron— 







Experimental 

•• ^ 

•• 

•4 


•• 

7-40 


* Labour, cost, and depreciation only included, power and other establishment 
charges not Included. , 






Table 124 .— -Coal Cleaning: Besults, 


Coal Clsaitiko. 


2SS 


Wei«?ht of 
Rubbish left 
in every 
leo Tons of 
Washed 
Dross. 

w © CO M © O Ol 

■*» 

• tb '• 

>Hi— 

to 

^ O I-H d o o o 

Weight of 
Dross 

lost as being 
mixed with 
Rubbish 
taken out 
in Operation 
of Washing 
on every 
100 Tons 
Washed. 

^ C<l CS M CO CM © 

O 2 

CO 

c © CO © rN «- 

Percent- 
age of 
Total 
Rubbish 
in Dross 
taken 
out in 
Washing. 

c©oo>d<o e^o 

,a. o 

i.,«5©C0»f3© - ODifS 

OtOfc'TjHCOA'CO 0-«l< 

p. 

Total 
Rubbish 
and Coal 
taken out 
in Opera- 
tion of 
Washing. 

r-<0 

g>rH00A'-0C)»O ,©0 

£(M,-(r-tC^r-( r-4C0 

P. 

Coal in 
Rubbish 
removed 
by 

Washing. 

C© ajooouoco-#© 

t^ojgeooornao©© 

^ ^ CO =4 

Quantity 
Rubbish 
removed 
by Wash- 
ing Opera- 
tion. 

*-o 

o-H<oo©><i'co .00© 

•» 

j^©rH0CO© *©© 

^ ^ ^ - 

f S'! £ ^ 

per cent. 

3-24 

13-51 

13-24 

3- 40 

9-06 

4- 45 

11-00 

ja Vi V. 

’.o £ « .2 bo 

«.S ^2 

per cent. 

22-64 

25-35 

27-23 

13- 84 

16-37 

39-26 

14- 32 

20-00 

Name of Washing 
Machine. 

Coppee 

Ramsay trough 

Robinson 

Bell & Ramsay trough 

Sheppard 1 

M*Culloch 

Trough 

1 

Name of 
Colliery. 

Dowlais . . 

East Howie 

Blnchester 

Tursdale .. 
Kinneil , . 

Devon 

Carron 

Woodend . . 


Woodend.. I 20-00 j 11-00 9-00 1 23-00 32-00 45-00 




Table 125. — Coal Cleand^g *. Stateirwnts Contrasting Practice at several Collieries, 

I. Dry Cleaning. 

Sneed oer Total Length 

i'luniber - Total Length of Band ^ Vibration of 
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These are calcuUited on maximum capacity of the apparatus for want of more reliable data. 


Table 125 — continued. — III. Trough Washing. 
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Note.— A ll are made of wood. 
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Table 125 — continued. 


V. Cests {Labour and Repairs only) per ton of Coal, 


Name. 

Dry 

Cleaning. 

Wet Cleaning. 

Type 

of Washer. 

Condition of 

Coal previous to 
Washing. 


d. 

d. 



Barrow . . . . 

H 


Robinson 

Crushed. 

Aid war ke Main 

. . 

2i 

Trough 


Nunnery ,. .. 

3 

1*40 


Not crushed. 

Annesley . . . . 

to 3 

No cleaning berc. 

. , 


Clifton . . . . 

3 tod 

6 to 7 

Coppee 

Not crushed.* 


• IVIacliinc not in complete o.flbctive working. 


Coal Cleaning ; CcncralHics, (Min. Inst. Scotland.) 

The methods and appliances in use in any one district can 
seldom bo adopted as a whole in a similar form in another. This 
applies in many instances to collieries in the same district, and even 
to diilereut seams worked by the same sliaft. The nature of the 
coal, the associated and iiiterbedded strata, the skill, customs, and 
prejudices of workmen, the markets to be supplied, the varyinpf 
requirements of competition, and the caprice of the public, have all 
to be taken into account when designing plant for classifying and 
cleaning coal. 

Wliile coal with marked characteristics can with care be selected 
underground so as to be tilled separately, no proct ss can be pro- 
fitably applied underground for effectually removing refuse, 
especially the smaller j)articles. To clean coal properly, it must 
be treated on the surface. 

As a considerable percentage of dross is made in transit from the 
cage to the railway wagon, it is evident that the best results are 
got where attention is paid to the form of hutch and tumbler, the 
inclination of screens, and the drop into wagons ; and this is specially 
imj)ortant in the case of soft coals. A number of contrivances to 
lessen breakage are mentioned in the report. The careful hand- 
packing of large coal into the vragons, as practised in the Not- 
tingham district, has advantages. 

For effective screening, especially when a large output has to be 
dealt with, there appears to be no bettor contrivance than the 
single or double jigger, or shaking screen, going at 90-100 strokes 
per minute, and having an inclination suited to the class of coal to 
be dealt with. There is a preference for wire-meshing for such 
screens at some collieries, and at others bars or perforated plates are 
preferred. 

For picking, the shaking screen just referred to, or the travelling 
band, or both combined, is the most effective and economical — the 
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Generalities — continued. 

band being about 4 ft. wide, 40-60 ft. long, and moving at a speed 
of 30-60 ft. per minute, according to the quantity of coal to be 
passed. Ample length of band allows large coal to be sized and 
loaded into separate wagons by hand with tlespatoh and economy. 

In every case it is necessary that the coal be delivered regularly 
from the tij:) hopiKjr to the jigger or travelling band. This can be 
accomplished by regulating sluices worked by an attendant or 
automatically by the inbirveiition of a slow* motion band. 

Good light is essential to efficient picking. 

A rougli rule for deciding the number and length of picking 
tables may be stated as follows: — One picking table for every 
30 tons per hour of tripiug output, travelling at the mto of 40 ft. 
per minute, and having a length of 10 ft. for every 3 per cent, of 
material to be picked off, plus 15 ft. 

The cost for labour of this system may bo taken at about lid.-2d. 
per ton of round coal for every 5 per cent, of material picked out of 
that coal. 

For round coal, say above IJ in. cube, the dry process is univer- 
sally employ(id, and this process can be succf^ssfully applied to 
nuts from say j in. upwards, where the refuse does not exceed 2-3, 
or even 4 per cent. ; and the table, capacity required, judging from 
the examples in the report, is about one table for every 20 tons 
per hour, travelling at the rate of 30 ft. per minute, and having an 
effective lejigth of 15 ft. for every IJ per cent, of material picked 
off. The cost for labour will probably be for every 1 per 

cent, picked oft*. Balanced screens, on which the coal is picked, 
are availahh) only when the amount of material to he picked off is 
very small, say 1-1 J per cent. For all small under f in., and for 
dross from IJ in. downwards, with more refuse than 2-4 per cent., 
the wet j)ro(;ess is most applicable. 

In the wet process it is desirable to have the arrangement so that 
the small coal can be delivered direct from tlje screens into the 
washing tanks without the intervention of wagons. In all the 
systems of washing, the best results are obtained by sizing the 
small coal before it reaches the macJiine. This can most con- 
veniently he done by passing it through revolving screens with 
meslies of varying size. The supply and degree of f)ulsation or 
agitation of the water require careiul adjustment to suit the various 
sizes of coal to be treated, and the relative specific gravity of coal 
and impurities. 

To remove the refuse from the smaller sizes, say under J in., the 
felspar washer is the most effective. The felspar system is the 
most valuable wliere the coal is crushed before wasliiug and is to 
be used for coke making. 

Where the coal and the refuse approach one another in specific 
gravity, it apptiars that in some cases the trough washer gives the 
best results. It is applicable for small quantities only, and requires 
a large flow of water and extra labour, but it has the recommenda- 
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Generalities — continued . 

tion of simplicity and small capital cost. It may also be some- 
times utilised as a means of transport where the distance from 
the pit to the wagons or coke ovens is considerable. 

The Eobinson washer is cheap as regards tirst cost and upkeep, 
and requires little water. It largely depends for its efficiency on 
the attention and skill of the man in charge, who may often be 
tempted to pass more through it than it can effectually clean. 

Speaking generally, more elaborate machinery is effective in 
avoiding waste in proportion to its cost ; but the capital charges 
and upkeep are also high in proportion. 

Other things being equal, coal will bo washed best with an 
abundant supply of clean water; but the more water used, the 
greater the risk of fine coal being lost, and the greater the difficulty 
of filtration. Water to wash coal for coking sliould not be often 
used over again, as dirty water dulls the coke. 

The particulars furnished as to settling ponds do not give 
sufficient data to justify any definite conclusion as to their capacity 
in relation to the quantity of coal washed. In most cases no 
record was kept of the; quantity of water used ; but settling ponds 
are a necessity, and their capacity will depend on the special 
circumstanoos of each case. 

There seems no better way of filtering the foul water, after it 
has passed through the settling ponds, than pumping it on to the 
rubbish heap, and allowing it to percolate through, as at Eamock. 

The washed gum of coal not suited for coking is meantime used 
almost entirely for firing colliery boilers. Briquettes are made of 
it to a small oxt(}iit, but new outlets are required for this product. 

The large quantity to be treated daily, and the varying nature 
and proportions of the coal and dirt to bo separated, render 
washing, at most colliijrics, a troublesome process ; and unqualified 
eatisiaction is seldom expressed as regards any machine in use. In 
some cases the machine may not be quite adapted to the peculiarities 
of the coal treated, or it may be over-driven, or not have a sufficiency 
of water, or be allowed to get out of repair, all or any of these causes 
leading to disappointment as to results. 

A separate siding for each class of coal is a desirable arrange- 
ment. 
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MINE STJEVEYING. 

Measujung Inaccessible Distances. 

1. III meuBuriii" alon«; the line ah^ Fig 12, a river intervenes, so 
that the distance cbis inaccessible to direct measurement with a 
chain. From the point c set off a line c d at right angles to the 
line a 6, and erect a stuff at the point d. Then set off a line c? e at 
right angli.'s to the imaginary line d 6, till it cuts the line a c. 
Measure tlie line c e. Tlien as c c is to c d, so is cd to be. Say 
cc = (JO ft., and c ci = 90 ft. ; then (JO : 90 : : 90 ; 135 ; thus 6 c = 
135 ft. 

2. 1\) a]iply the theodolite to the foregoing example, plant the 
theodolite at a, Fig. 13, and at any couveiihnit distanee raise a per- 
pendicular a b; tJien remove the tlieodolite to and make the 
angle a b a = the angle a 6 d. The distance between a c will = the 
distance between a d. 

3. Or, set up the tlieodolite at a. Fig. 14, and measure any nnglc, 
say 90® ; walk along the line a b till the theodolite reads halt' the 
angle (45®) ; measure the distance a 6, which will = the 
disttiiice a c. 

4. Or, plant the theodolite at c, Fig. 15, and prolong the lino ac 
to d, and tlie line be to c\ measure the liucjs ae and 6c, making 
a c :si c d and b e = c c. The distance d e will then = the 
distance a b. 

5. On the line a 6, Fig. 1 (3, an inclosed plantation intervenes. 
Then at points c on line a h plant staves, and from eacdi point set 
off at right angles to the line a 6 lines d, and at right angles to 
these lilacs d set off’ a new line hi, which will pass the obstacle, 
repeating these operations with lines f (j in order to regain the 
original line a b. 

6. On the line <t6, Fig. 17, a building interrupts the surveyor. 
To overcome this by means of a chain and angular instrument, the 
first step is to measure an angle which will clear the obstacle, viz. 
a c d, at say 140®. At the point d the theodolite is then planted, 
and a second angle d c 6 is measured off = the supplement of the 
first, or 70®. Measure along the line d c till a point is reached 
exactly = the length of the line c d. Place the transit at c, and 
with the telescope pointing on d, got the angle exactly 140® or = 
the angle a cd. TJien the true continuation of the line a 6 is found 
by bringing a staff into the line marked by the cross-hairs of the 
telescope. 
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Measuring Shafts, Levels, and Inclines. 

JShnfts , — To find Distances between, 

1. To find tlio distance between two siuifts a Fig. 18, separated 
by a stream c, plant a staff at 6 in line with o, and set off a line 
a <i at right angles to the line a 6, fixing a staff at d. Then at 
right angles to the line a d draw a lino d e^ fixing a staff at e. 
Next, from tlie iK)int a, measure off a eertain distance on the line 
adj and fix a staff' at the sjuff, say /; adjust the staff' on the line d 
so that it exactly covers the staff /> /. Measure the intervals 
between a and /‘,/and a, d and e\ then as the angle a/h = the 
angle and a and d are each right angles, therefore as fdi^ to 
de, 80 is a f to a b ; ‘ 

or, f d (say 100 ft.) : d e (70 ft.) : : a / (200 ft.) : a b (140 ft.). 

2. To find the distance between two shafts « 6, Fig. 19, when a 
plantation c intervenes, set up the th(K)dolito at d, and take the 
angle 6 d </, say = 90° ilO' ; measure the distances between d and 6 
and d and say respectively 48 and 62 chains. Tlien draw the 
line d 6, and at d mark off* the angle with the i)rotractor = 90° 30'. 
By applying the scale to db mark off 48 chains, and by the same 
process to da 62 chains; then, enjoining the points ab and apply- 
ing the same scale, the di.stancx) will be arrived at. 

3. ^’o find the distance between two siiafts a 6, Fig. 20, which 
are simultaneously visible only from one spot c on the opposite side 
of a stream, and are separated by a building d, plant the theodolite 
at c, and fix poles at known intervals at e and /. Measure the 
angles a c a c e, and a c c. The distance between c and e being 
known, the length of the line a c can be ascertained by the rule 
“ given one side and two angles of an oblique-angled triangle, to 
construct it and measure the other parts.” Ni^xt measure the 
angles b of and c f b, and thus find the length of the lino c 6. 
Tlien having found the lengths of the lines ac, 6 c, and the angle 
a c 6, the length of a h may be deduced as in Ex. 2. 

4. To find tlie distance b(^tween two shafts, and of each shaft 
from two distant stations, the disttiuce betwetm the stations and 
the horizontal angles with the two shafts from the stations being 
known. Thus in the case of the two shafts ab, Fig. 21, given the 
horizontal angles by transit theodolite to be : — e cd — 106° 48' 20", 
/cd = 90° 35' 15”, ede = 23° 40' 15", cdf = 57° 17' 30”, and the 
line cd — 890 links ; then make a horizontal lino c d exactly 890 
links long ; with the protractor set off from c d with its centre at c, 
the angle ced at 106° 48' 20", and from the sumo centre tho angle 
/cd at 90° 35' 15”. Then draw the lines c e and c f to any cdu- 
venieut length. Next, setting the protractor to the line cd with its 
centre at d, set off the angle c d e at 23° 40' 15", and c d f oX 
57° 17' 30", and remove the instrument. Then, having drnwm the 
lines d e and d /, the point of intersection of d e with c c wnll give 
the position of the first shaft; the intersection of d/ with cf will 
give the position of the second shaft ; application of the scale to 
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Shaf ts — oontinuetl . 

the line ef will give the distance from shaft a to shaft h ; and lines 
d € and d f measured on the same scale will give the distances of 
the stations c d from each shaft. 

Shafts. — To find Depths for. 

1. To find the depth at which the shaft a h Fig. 22 will strike 
the vein c*, when the underlie of the vein and the distance between 
the outcropping d and the top a of shaft are known, assume the 
anglo b d a ■= 44” 40' and the distance a to d = 00 links ; draw a 
horizontal line a d, set otf the line; d h at 44” 40', and measure 
90 links on a d ; a pcTpendicular line falling from a will strike the 
vein c at 6, and the length from a to h will be the depth of the shaft 
in links. 

2. Or, multiply the natural tangent of the angle h d a by the 
distance a to (/, thus — 

Mutaml tangent of angle hda 44° 40' = *988432 

Diiitaiice a to U = 90 

Depth of shaft in links = 88*958880 


8. To find the depth required in a second shaft to reach the 
game bottom level Jis the first shaft, when the depth of the first 
slial't and angle of elevation and hypotheiiuse of the second shaft 
are known. In Fig. 28, the depth of the first shaft a 6 = 87 yd., 
the angle of elevation c a d = 82” 25' 80", and the hypothenuse 
a d = 220 yd. Tlien draw tin,* liorizontul line e /, and from it 
measure up 87 yd. from 6 to a ; with the {)rotractor ai)plied to the 
line e /, centre at /, set ofl' the angle c h o at 82” 25' 80" ; with a 
parallel rule draw the line a d jiarallel to h e, so that the angle 
0 a d will = the anglo c b c. Then a perpendicular line dropped 
from a poiiit d on the line <i d at 220 yd. from a, will give tlie 
depth in yd. which the nc5W shaft g h sunk at d must have in 
order to reach the same level as the bottom of shaft a h. 

4. Or, multiply the sine of the angle of elevation by the hypo- 
theuuse for the perpendicular, and the cosine of the angle of eleva- 
tion for the base. Tims in Fig. 24, the shaft a b is 80 yd. deep, the 
angles of (devation (in this instance being two, owing to the 
inequality of the surface) are 39” 31' at a, and 15° 11' at c, while 
tlie hypothenuse a e = 240 yd., and cd — 160 yd. Then — 

Angle a 39 ° . 31 ' = sine *636303 X 240 = 152-712720 
Angle c 16 *^ 11 ' = sine *261909 X 160 = 41-906440 


Total ciilferonce of level de = 194-61816 
Add depth of shaft ab =80 

Total depth of shaft df = 274-61816 
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S'hafts — continueil. 

Shafts. — To find differences of Leoel of. 

1. At top. The angles of eUivation bcjtwefm the two shafts « h 
and c dy Fig. 25, and the hypothenuse being known, their difference 
of level at tlie mouth is found in the following way. Suppose the 
angle of elevation e f g = 44° 2Cf, and the angle hfi =10° 35', 
while the hypothenuse g f — 870 yd., and the hypothenuse 
1 / = 030 yd. Then draw the horizontal line h e, set off* the above 
angles from /, and mark the distances named on g f and if. The 
difference of level between the intersection of the telescope of 
the tljeodolite at ^ an<l a staff* of similar height at g will give the 
diff'erence of elevation between the mouths of a 6 and c d ; or it 
may be seen from the scale. 

2. Or, supposing the angles of elevation in Fig. 20, between 
shafts a and 6 on the line c </, to bo from c = 42° 10', from 
d = 41° 40', from e ~ 43° 25', and hypothenuse c d = 80 yd., 
d c = 85 yd., c* / = 120 yd., then multiply the sines of the angles 
by the hypothenuses, thus — 

Angle from c 42° 10' = sine -671290 X 80 = 63-7032 

„ d 410 4(1' — sine -064796 X 85 = .66-50766 

„ e 43° 2.6' = sine -687299 X 120 = 82-47588 

Total difference of level In yd. = 192 '68674 


3. Or, when the angles of elevation or depression from two dis- 
tant stations Jire known. Huppose two shafts a />, Fig. 27, and that 
the angle from station c to point d = 45° 10', that from c to e = 44°, 
and that from c to / = 00°, and the line c f = 1000 links. Take 
at / the angh} of dejiression / to d, or g f d = 30° 15' 22", and the 
angle of elevation / to c, or ^ / c = 15° 0' 11". Draw the horizontal 
line h and from fioint c set off angle h c d = 45° 10', angle 
hoe — 44°, and angle i c f = 00°. From point c draw the lines 
c d, cc, 6’/, making the length of c / = 1000 links, and /</ parallel 
to h i. At point y, set off* the angles g f d — 30° 15' 22", and 
g f e — 15° 0' ri", and draw the lines f d, f e. Then the point 
where / d intersects c d will be the top of shaft 6, and the point 
where / c intersects c e? will be the top of shaft a. Applying the 
same scale as before to the linos d k and c /, their difference will 
= the difference in elevathm of the mouths of tin', two sliafts. 

4. At bottom. Suppose the depth of shaft a, Fig. 28, = 60 yd., 
and of sliaft h = 55 yd., while the angh? of depression 
f d g =: 43° 10' 15", angle c d c == 21° 2' 10", the distance 
g d = 500 yd., and the distance <? d = 400 yd. Then draw the 
horizontal line c d/, and with the protractor set off from d the 
angle f dg at 43° 10' 15", and the angle c d c at 21° 2' 10", and 
draw the line (/ d = 500 yd., and the line c d = 400 yd. The 
points e g are thus the tops of the shafts a 6, and perpendicular lines 
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Shafts — continued, 

dropped from the horizontal line cd f to the points eg will give, 
wlien measured on the scale, the differences in elevation at the 
mouths of the shafts. Then prolong these perpendicular lines and 
measure on a 60 yd., and on h 55 yd. in depth, and draw the 
horizontal line h i from the bottom of shaft a, so that it intersects 
shaft b. The difference between the horizontal line h i and the 
bottom of shaft i on the scale is the measure sought. 


Levels. — To find Length required. 

1. When the depth of the shaft, its distance from the vein, and 
tlie dip of tile vein are known. 

Suppose the shaft a, Tig. 29, is 50 yd. deep and 100 links distant 
from the outcrop b of the vein c which dips at 40'^. Connect the 
outcrop b with the top of shaft a by drawing the line d = 100 links, 
and from the line 6 d at 6, set off the angle g bd = 40®. A perpen- 
dicular line from d, 50 yd. deep, will represent the shaft. From 
the bottom of the shaft draw the horizontal line e f paiallel to d b 
and measure it by the scale ; the number at the point of intersec- 
tion between e f and 6 g = length of level in links. 

2. Or suppose the depth o d of the shaft Fig. 30,= 50 yd., and 
the angle c d c = 44® 10', being the dip of the vein 6, then the 

Natural tangent of ede 44° 10' = *971326 
Multiplied by the depth cd zz 50 

Length of level c / in yd. = 48*566300 


3. Or, suppose the depth of shaft a. Fig. 31,= 50 yd., the distance 
d e between the shaft a and outcrop of vein b = 120 yd., and the 
angle d e f ox dip of vein = 40®, then the 


Natural tangent of angle d ef 40® = *839100 

Multiplied by distance dc = 120 

Distanced/ = 100*692000 

Less distance dg = 60 

Then distance gf in yd. = 60*692000 


The angle at / = 90® — angle at e (which is, say 47® 10'), or / = 
42® 50', then the 

Natural tangent of e 42® 50' = *927091 

Multiplied by distance g/ = 60*6 


Length of level c, in yd. = 46*8280966 
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Levels, — To find Depth at which known Length shall strike the Vein, 

1. Suppose the depth of shaft a, Fi<?. 29,= 50 yd., the distance 
from shaft a to outcrop b of vein c = 100 links, the dip of vein c = 
40° and the length of level c / = 20 yd. Draw the horizontal line 
d b 100 links long, and at b set off the angle 40° ; drop a perpen- 
dicular line d c, and apply a parallel ruler to the line d 6, running 
it down till the level a f exactly fills the space between d e and b g. 
This spot will indicate where the level will touch the shaft d e, 
and the depth may be ascertained by applying the scale to the 
shaft d e, 

2. Wlien the shaft is continued kdow the vein and a returned 
heading is made. Suppose the shaft a, Fig. 82, to be distant 120 
yd. from the outcrop e of the vein />, the angle of dip of vein h to 
oe 47° 12', and that the sliaft a is continued in depth for 80 yd. 
below the point where it intersects the vein h. Draw a horizontal 
lino d and from the point e set off w ith the protractor the angle 
47° 12' ; then a p(‘rpendicular line d f falling from d will intersect 
the vein c g at h (and by measuring on tlie scale will give the depth 
of shaft d / to that point), and extended 80 yd. deeper to / will 
indicate whore the level is to be run ; apply the parallel ruler to 
d 6’, run it down to point /, and apply the scale to line g f. 


Levels. — To find Depth of Shaft at Intersection of VeiUj and Lengths of 
Levels, when one level is above and one below the intersection. 

Let the distance d c, Fig. 32,= 120 yd., the angle of dip = 47° 
12', the depth of shaft a from d to first level j ^ = 30 yd., and the 
depth from A to / = 80 yd. ; then the 

Natural tangent of angle at e 47® 12' = l’0799O2 
Multiplied by distance de = 120 


21598040 

1079902 


Depth at intersection, in yd. = 129’ 588240 
Less depth di =30 

Depth ih, in yd. = 99*588240 


The angle at A = 90° - 47° 12' = 42° 48' ; then the 


Natural tangent of angle at h 42° 48' = *926010 

Multiplied by distance i A. = 99*5 

Length of level ih, in yd. = 92*1379960 


Also the 

Natural tangent of angle at h 42^48' = *926010 

Multiplied by distance hf = 80 


Length of level p/, In yd. = 74 * 080800 
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Levels , — To find Direction and Length when required to strike a fixed 
point at right angles. 

Thus, in Fig. 33, it is required from the bottom of incline a to 
drive a level h so as to cut the shaft c at right angles. Suppose 
incline a to be (10 yd. long and shaft c to be 30 yd. deep, then 
divide the side c opposite the required angle of b by the hypo- 
thenuse, and the quotient will be the sine of the angle. Thus, 

C0):'.0()( *5 =6ine 30^^ 

300 


The angle at d = 90° - 30° = GO^. Tlien the 

Natural cosine <'f angle at e 30*^ = •8B6025 

Multiplied l>y a = 60 

Length oflevel h, in yd. = 51 - OCiriOO 


Or, the 


Natural tangent d 60*^ = 1*7320.51 

Multiplied by c = 30 


Length of level h, in yd. = 61*001530 


Inclines . — To find Direction and Length, 

In l^ig. 31, suppose the depth of shaft a — 80 yd., the distaiu-c 
cd ~ GO yd., then tind the length and angle of incline b so as lo 
strike the surface at d. Divide the sirle a opposite the required 
angle by the other side c d ; the <j[Uotient will be the natural 
tangent of tlie angle. Thus : — 


so ) GOOO C • 75 = tangent 36® 62' 
600 


The angle at d = 90° — 36" 52' = 53° S\ Then the 


Natural seciint of 53® 8' = 1*666792 

Multiplied by c d = 60 


length of incline b, in yd, = lOO* 007520 
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Latchinfj or Dialling. (Merrett.) 

“ Latching” or “ dialling ” is a term used by minors when an 
underground survey is required of the course that has been exca- 
vated from one sliaft of the mine to another. This survey is then 
transferred to the estate plan, by the guidanco of the position of 
the shafts, which are accurately shown on both surveys. By 
reference to Fig. 35, which is an actual survey, it will be seen 
that the lengths are taken by the chain or tape in links, and the 
angles are taken by the needle or magnetic meridian with a 
cirenmferator, called by miners a “dial.” The legs of this 
instrum(mt are made with a screw joint in the middle. It has an 
extra set of j)oint8 to screw on wlien the mine workings are low 
roofed. The survey commences at shaft No. 16, and is carried to 
shaft No. 17. The chain lines and angles are all plotted from 
that point. The circle shows the protractor with the meridian 
Hue through the centre, and all the angles marked thereon for 
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Latching — continued. 

plotting. The ‘‘field-book” as it were, is on the margin, con- 
taining only the numbers, lengths, and angles. Great accuracy must 
be observed in taking the angles and lengths. 


rig. 3r>, 



Latching or Dialling. 
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Surveying Instruments, 

Wlien minerals of value are found in a new country a survey is 
generally made, and plans drawn up upon which angles are 
secured for the future working. The instruments used for such 
surveys were generally of a class adapted to })e used above or under 
ground. Mr. Stanley in his excellent practical work on surveying 

instruments* detlnes the 
qualities that a mining- 
survey instrument should 
possess, as follow : — 

1. Tliat there shall be 
nn ans provided for short- 
ening th(^ tripod to work 
in strata of sinjdl depth, 

2. That the instrument 
shall 1 x 1 low and compact 
in itself, that the head of 
the surveyor may bo 
placed above it, if pos- 
sible, even in shallow 
workings. 3. That great 
extent of adjustment of 
the compass-box to hori- 
zontality shall be given 
in the construction of 
the instrument, on ac- 
count of the diflRculty 
frequently of extending 
the tripoii legs in close 
workings and from in- 
clination of floor. 4. That 
it is desirable that the 
telescoj)e, if thertj is one 
to the instrument, shall, 
besides taking nearly 
horizontal angles, take 

Improved Miners' Dial. vertical position, 

to bo able to sigljt lines 
from top to bottom of a shaft, or vice versa. The illustration is 
of one of the best form of mining dials, for which we give 
Mr. Stanley’s description. 

Improved Miners' JJial . — The illustration, Fig. 3G, is the form 
of dial now generally approved. The telescope when this is used 
is supported in Y’s ; but the whole of the Y arrangement can be 
detached by loosening the two milled heads placed under the Y’s, 
and the telescopic arrangement be replac^ by extended open 



E. & F. N, Spon, 1890. 
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Instruments — continued. 

Bigilts. These are not shown in the engraving. The horizontal 
circle, instead of being placed in the interior of the box, is placed 
on the exterior rim, and reads with two verniers — not for correction, 
but for convenience of reading in different positions. The coinjiass 
is divided upon the upper surface of the step to degrees, and in 
the same manner on the interior cylindrical surface of the step. 
This last often permits the compass to l)e read in a close working 
when the upper surface could not eitber be ligJited or sighted. 
The plane of the conipass is dividiid to 1(P as usual. The compass 
adjusts by clamp and tangent motion. The axis of the instrument 
is supported upon a ball and socket armngement for roughly 
bringing the compass to level, and a parallel platen adjustment for 
final setting. The ball is fixed by clamping a pair of jdates 
together by thumb-screws. Each plate is hollowed in the centre to 
hold nearly half the ball. When fixed, the instrument is found to 
be very rigid. The tripods, not shown, have sliding fittings, which 
will clamj) to any height 
from 2 feet fi incheis to 
4 feet, which is a much 
better and more portable 
arrangement than the 
old form of loose pieces 
screwed together. 

For close much-in- 
clined mineral veins the 
hanging compass is found 
to be of the greatest 
utility. The illustration. 

Fig. 87, is Mr. Stanley’s 
modification of this in- 
strument. The compass 
is suspended from a 
copper wire or cord in 
any position where the 
two ends of the cord may Staalcy’s lluaging Dial, 

be fixed or held. Where 

the inclination is great, a knot is made or a clamp fixed on the cord 
to prevent the instrument slipping dowm. The compass is balanced 
on centres, so that it takes its own level position by gravitation, and 
being suspended in a divided ring, inclination may be read off at the 
same time as taking the bearings of the line. When the cord is in the 
centre of the line this is taken correctly, but it will more frequently 
happen that observation can only be made near the ends of the 
line. When this is the case the mean of observations at each end 
of the line may be taken, or if one end observation only can be 
taken a small allowance may be made for the sag of the line. The 
instrument is made in two sizes, 5 inches and 3 inches, the last 
being a very light instrument to carry. 
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GEOLOGICAL MAPS. 

Geological Slbvey Map Signs. 

(rt) Coiiiiectcd with Stratification. 

+ Horizontal. 

_j Vertical (longest line on tlie strike). 

X Undulating, 
m Contorted. 

$ Highly inclined ] 

/ / Undulating general dip in the direction of the 

^ Contorted J 
Anticlinal axis. 

^ Synclinal axis. 

^ Dip from observation (with No, of degrees, thus \4 5'^). 
f J' Dip from information. 

/ Cleavage. 

0 Limestone quarries. 

S. Q. Slate quarries. 

Jntei^rupted Lines = A iloubtful or drift-covered boundary. 

White Lines = Faults at the surface. 

Yellow Lines = Faults underground. 

Thick Black Lines = Coal crops. When doubtful, lines interrupted. 

O Bore hole. 

0 Mine shaft. 

ft DH Day hole (entrance to adit). 

==-■ Colliery levels. 
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Survey coutinued. 


(6) Connected with Glacial Drift. 

O Roches moutonnees. 

striated \ 

1 Direction of Ice-flow not 

Flat surface „ ^ 

1 apparent. 

- Roches moutoiinees „ ] 

1 Showing direction of Ice- 

Flat surfaC(j „ J 

I flow. 

(c) Indicating Ores of Metals. 

© Gold. 

J Silver. 

y Copper. 

y. Tin. 

liead. 

3£ Manganese. 

^ Iron. 

^ Zinc. 

Gold Lines - Mineral Veins. 

Gold Dots = Stream Tin. 

Gold Bings = Pipe Veins. 
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MINERAL VEINS. 

Table 127. — Dip, Duptli, and I’hichiess of Beds, (Penning.) 


Amount 

of 

Dip. 


Co-taijfjjont Approxiinato 
of An«le of Propoitioiiute 
Dij). Incline. 


Infinity, 

ri7-2i» 

lii-UHll 
]4*:uu)7 
11 ‘l-iUl 
9*6144 
s*i4ia 
7 • ] 1 r» I 
6*. 1138 
6*0713 
6* 1446 
4*7040 
4*3.316 
4*0108 
3*73*21 
3 *4874 
3*2709 
3*0777 
2*9012 
2*747.6 
2*60.61 
2*4761 
2*3669 
2*2100 
2*1446 
2*0603 
] *9020 
1 H807 
1 ’SOlO 
1*7.321 
1 *0013 
1*0003 
1 *5399 
1*48*26 
1 *4281 
1*;{704 
1 3270 
1*2799 


] in 57 
1 in 2Hi 
1 in 19 
] in I4i 
1 in lU 
1 in 9i 
1 in H 
1 in 7 
1 in Oi^ 

1 in 6f 
1 in 5 



Tluckne.sB of 
lieds at 
riii:lit angles 
to Plane of 
Strati ticatioii. 


1*75 

3*5 

6*25 

7 * 

8*75 
10*5 
12*25 
13*75 
15*75 
17*26 
19*25 
20*75 
22*5 
24 * 
25*5 
27 * 
28*25 
30 *25 
32 * 
33*5 
35 * 
30 * 
37*75 
39*5 
41*25 
41*75 
44*25 
45*75 
47*25 
49 * 
60*6 
61*75 
53*25 
64 *76 
66*25 
67*76 
69*6 
61 * 
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Table 127 — continued. 


Amount 

of 

Dip. 

Co-tangont 
of A ' gle of 
Dip. 

Approximate 
Trupoi tiunate 
Incline. 

Varda of 
Kise or Fall 
in 1 mile. 

Vertical 
Drjdb fi om 
Suiface in a 
Jlori/r»ntal 
Distance of 
100. 

Thicknesa of 
Btxls at 
right angles 
to [Mane of 
•Stratitication. 

Q 

39 

1 ‘2349 






81 -25 

63- 

40 

1-1918 






84- 

64*5 

41 

1-1504 






87* 

6.5*75 

42 

1-1106 






90 • 

67-75 

43 

1*0724 






93* 

69-25 

44 

1-0306 






96* 

70 -*25 

45 

1* 


1 




JOO* 

71- 

46 

•9657 






104- 

72- 

47 

•9325 






107- 

73-25 

48 

•9004 






111- 

74-25 

49 

•8693 






115- 

75-5 

50 

•8391 

J 




119- 

77- 

61 

•8098 



.. 

123- 

78- 

02 

•7MI3 




128- 

79- 

63 

•7530 




K13- 

80- 

64 

•7265 




137* 

81* 

65 

•7002 




143- 

82* 

56 

•6745 




150* 

83- 

57 

•6494 




J54- 

83-25 

58 

•6249 




161- 

84*5 

69 

•6009 




166* 

85-5 

60 

•5774 




172-5 

86-5 

61 

•5543 




180* 

87- 

62 

•5317 




1H8- 

88* 

63 

•5095 




200* 

89- 

64 

•4H77 



.. 

205- 

90* 

65 

•4663 




213- 

90-5 

66 

•4452 




j 224* 

91- 

67 

•4245 




1 235* 

91-5 

68 

•4040 




250- 

92* 

69 

•3839 




260- 

93* 

70 

•3640 




275- 

94- 

71 

•3443 




300- 

94-6 

72 

•3249 




308* 

95* 

73 

•3057 




327 • 

95-5 

74 

•2867 




345- 

96- 

75 

•2679 




370* 

96-6 

76 

•2493 




400* 

97* 

77 

•2309 




i 433- 

97-5 

78 

•2126 




1 476- 

97-6 

79 

•1944 




I 615- 

98* 

80 

•1763 




670- 

98*6 

81 

•1584 




633- 

98*5 

H2 

•1405 




714- 

99- 

83 

• 1228 




‘ 813* 

99* 

84 

•1051 




1 1000* 

99-5 

86 

•0875 




1140* 

99-5 

86 

•0699 




1430- 

99-6 

87 

•0523 



! •• 

! 1912* 

100* 

88 

•0349 



i 

2805* 

100* 

89 

•0176 


* * i 

! 

6714* 

100- 

90 

•0000 

\ 


j 

— 

100* 




200 


Minebal Veins. 


Dip^ Depths and Thickness. 

Ex. 1. The out<'.rop, in a level district, of a df3fiuite bed is 
observiid in a quarry, where it is found to dif) K. at an angle of 
14°. Tliis bed would b(i found, if its dip remains unaltered, 1(^0 yd. 
east from the quarry at a depth of 25 yd. = 75 ft. ; tl»e beds above 
it would liave an a<3tual tliic^kness of 21 yd. = 72 ft. 

Er. 2. Tlie outcrop of the ssiue bod with the same dip is ob- 
served in a district whore; the surface rises in the direction of the 
dip at an angle of 10®. Tlio bod would hi; found, 100 yd. E. at a 
d(;pth of 75 ft., as before, plus the rise in the ground bedween, 
which in 100 yd., at tlm rate of 314 yd. in a mile, is 17* yd. = 
53 ft. : — 75 4- 53 = 128 ft. If the ground were falling, instead of 
rising, at an angle of 10® in the direction of tlie dip. the bed would 
be met witli at 75 — 53 = 22 ft. 

Ex. 3. A bed or hjrniatiofi is known to be 30 yd in thicknees, 
and to dip at an angle of 14®. In 100 yd. of outcrop it would, at 
that dip, hiiv(; a thickness of 24 yd. only, therefore its outcrop is 
(24 : 30 : : 100) : 150 yd. 

Ex. 4. Tlic thickness is known to he 30 yd. as before, and the 
level outcrop 150 yd. In 100 yd. (* of 150), the thickness would 
be 24 yd., which corresponds to a <lip of 14'-’. 

Ex. 5. The dip of the bed is 14°, its outcroj) 150 yd. ; in 100 yd. 
at 14° the thickness would be 24 ytl., ihorofore in 150 it is 30 yd. 


Mineral Veins : Contents of Veins. 

A vein of ore 1 in. thick, 6 ft. long, and 0 ft. high ( = 1 sq. 
fathom) will measure 3 cub. ft. ; 2 in. thick = 0 cub. ft. per 
fat hom ; and so on. 


Table 128. — Weights of Ores 1 in. thick per sq. fathom. (». e. per 
3 cubic ft,). 


lb. 

Antimony, grey oxMe .. .. 843 

lWyte« 7riu 

(Jobalt, pyritoR 937 

C(>p|>er, carboiiato (malacliito) . 712 

„ grey 900 

„ native 1668 

„ pyrites 7 h7 

„ red 1106 

„ vitreons 1050 

Gold, native 3~H1 

Iron, arsenical 1068 

„ hwroatite 760 


lb. 

Iron, magnetic 1016 

„ pyiites 912 

„ specular 912 

Lead, curborude 1200 

„ sulphide (galena) .. 1406 

Niclci‘1, arsenical 1406 

Silver, native 187.5 

Tin, oxide 1256 

„ pyrites 825 

Uranium, oxide (pitchblende) . 1312 

Zinc, red oxide 1012 

„ sulphide (blende) . 750 


The above figur< a x 9 = weights per cub. yd. 
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Table 120. — Weights of Rocks per cub, ft 



11). 

Ilasalt 

187 

Chalk 

. . 143 

Clay 

.. 125 

(iranitc 

..1 €4-172 

(J ravel 

.. 120 

Crit 

.. 131 

Llmestune . 

..156-175 

„ Hath 

.. 112 

„ niagDislun 

.. 178 


lb. 

Limestone, Portland 131 

Marble 168 

Rand 120 

Sandstone 130-157 

Shale 162 

Shingle 90 

Slate 175-180 

Trap 170 

York flags 143 


Minekal Veins : .Examination of Wall Rocks of Auriferous 
Eiss’ircs. (Attwood.) 

The mere inspection of tlie outer surface of a rock, viewed as an 
opaejue object, does not give sneli corrtict information as tliat 
obtained whcai the examination is made by transmitted liglit, and 
with the aid of tlie microscope; yet, if the examination is properly 
conducted, it will afford all the necessary information required by 
the miner to enable liim roughly to distinguish the character of 
the enclosing rocks of most auriferous tissures, esixjoiully if the 
rocks should be of a coarse texture. 

In the macroscopieal investigation of rocks, those parts of the 
mineral constituents discernible by the naked eye, or by the aid of 
a common magnifier, can be easily studied, with reference to 
cristalliiie foim, chavagt*, colour, lustre, streak, hardness, solubility 
ill acids, magnetic properties, &c. The specimen of ruck selected fur 
examination should have a good fresh surfuct! of fracture, and be 
free fiom decomposition ; size, about 3 by 4 in. across, and 1 J in. 
through. With a trimming hammer, prepare the IJ in. face, or 
dress it as even as possible ; then procure an iron plate, with a 
smooth face about 10 in. square and J in. thick, on which put 
emery iKiwder No. SO and water ; rub the prepared fa(je of the 
specimen upon it till it is smooth enough to polish. This can be 
done by getting a piece of thick glass, about same size as the 
iion plate, on wiiieh put line emery and water, and again rub the 
specimen till you obtain a tine polish. When polished, heat the 
feliecimen on a stove so tliat you can barely handle it, and when iu 
that condit on rub Canada balsam over half the polished surface. 
Wiien cold it will harden so that it can be handled without injury. 
A small fragment may be broken from the unpolished end to try 
its specific gravity, magnetic properties, and also for acid tests. 

The following implemeuts will be found sufficient for this simple 
mode of investigation : — 

1. A common magnifier mounted in horn, that being lighter 
tlian metal ; it should have three powers, and be set in a spectacle 
Iramo with screws, so that the different powers can be easily 
changed. 
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W>dl continued. 

2. A smnll bar magnet, and also a magnet needle freely sus- 
pended or 8Uj)i)orted. 

A small unglazed porcelain streak j>late. 

4. A bottle of hydrochloric acid, with a fine glass rod attached 
to the stop] Kir. 

5. A dres-'ing hammer, with the head about in. long ; one end 
witli a face J in. square, and the other chisel sJiaped. 

6. A pocket micrometer, same as made by Lietz, San Francisco. 

7. A jjiece of flat iron, 10 in. square and ^ in. tliick. 

8. A piece of thick glass, 10 in. square, and a few lb. of course 
and fine emery. 

0. Scale of hardiness. 

The best mode of determining the hardness is to have the 
minerals forming the scale of hardiu^s mounted, sona'thing like 
the writing diamond. Break, for insfaut e, the corundum, topHZ, 
&c., into small fragments, and after selecting those with fine, shai]) 
points, proceed to mount thorn as follows: — 

Take a piece of brass wire in. long by in. diameter, and with 
a file make small nc^tches on one end of the wire ; then tak(s 
“lapidary’s cement,” warm the end of the wire with a spirit-larnj) 
or candle, and melt S(»mc of tliti cement on to it. By wetting the 
finger and rubbing the cement while warm, it can bo moulded 
into any sluipti desired. With a small pair of pliers take the small 
fragments (»f corundum, &c., beat one end of tire corundum, and 
then ])lace it in the cement. If this bo projrerly done, it v^ill 
answer just a.s well as if set in metal, with this advaniuge, that 
you eaii nmew it at any time in a fi*w moments. 

In addition to the implements named, a small c(»]l(K:tion of the 
commoner types of rocks should be proenn d, and ])rei)ared witii 
polished sides, after 11 manner before described. 

The specimens of igneous rocks should coiioistof granite, syenite, 
diorite, gabbro, diabase, dolcritc, and basalt, nnd of small bottles 
with fragments of the ditlercnt fels]>urs, showing character and 
cleavage; ovthoclasii (irotasli felsjmr), albite (soda), anorthite 
(lime), labradorilo (lime soda); also small pieces of hornblende 
and augite. 

The triclinic felspar may be distinguished from monoc’inic, e.(/. 
oligoolase or labradorite from ortlioclasc, by tlio prtsenee of fine 
parallel stria) along the surface of certain of the cleavage planes. 
Hornblende crystals have generally a fibrous structure, by which 
they may often be recognised from augito crystals. 

It will also be necessary to have a few specimens of metamorphio, 
crystalline schists, Bedimeiitnry and fragmental rocks. With the 
small collection of the already named eliaracteristic rocks for 
comparison, the rough determination of hand specimens of enclos- 
ing rocks may easily be arrived at. The coating of Canada balsam 
shows the structure and crystaillitie character much better than 
the ordinarily polished surface, so that the tests for hardness, &c., 
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Wall Hocks — continued. 

should be applied only to the polished surface. By having the 
h-naes s< t in spectacle frames both bands are at liberty, one to hold 
the rock, the other to use the scale of liardness, or to apply the fine 
glass rod dipped in acid to try if any of the (toinponent parts of the 
specimen efFervesce. TJiese tests for oomt>an^<)n can be ai)plied to 
those typos in the collection which rcveiublo tlie one l>e'ing tested. 
The magnetic pro})erties (‘an be tested witli a frei'ly suspendtd 
maguetif! needle, or by breaking a portion of tlie rock into small 
fragments, washing it in a late a, and then applying tlic bar 
magnet to tln^ hcjavier particles. The size of the crystals may he 
measured with a pocked, micromete^r. Tint macroscopic; inspection 
of rocks made by cutting large slices and polishing thtdr faces is 
strongly to ho recoimnendod to ail mineis and prospectors as of 
the highest importance. 

Table 130. — Ljneous Hocks classifeil^ primarily^ acconling to their 
MmerahylciU Composition; and^ secondarily^ according to their 
Intimate Structure. (Prof. Bouncy.) 


Matrix Wholly , Mutrix 
Cry.sta 1 li ne. Seini-Crystu 1 li a e. 


1. Oitlioclase fdfipur. , , 

a. Quaitzih'ious .. 

1 Granite .. 

Qunrtz-fclPitt* . . 

1 Quartz-trachyte. 

b. (^uartziess 

Syenite . . . . 

Ortlioclase-Msito, 
j m iiictte. 

1 Sanidin - trachyte, 

1 ])it(;iistoi)e, and 
j obsidian. 

' 2 . riagioriase felsi>ar. | 

i 


j 

a. ()Jigocla^e, sonio- 
with quartz 

Diorlte . . . . | 

1 Porphyrite . . 

1 ^^Vndesite, 

b. LabraeJonto, or 

Gabbro, dia- 

, Sonu; basalts . . 

{ Tuchylite. 

t 

an allied niincrul 

baw!, dolerite, ^ 


or quartz. 

basalt. j 


1 


Indicative Plants. 

From very early times it has been noticed that the soil overlying 
mineral veins is favoured by special vegetation, and though the 
occurrence of such vegetation cannot be taken as an infallible 
indication of the existence of such veins, it will be interesting to 
record the results of past observations, so that they may serve for 
a guidance to further observation in future. 

Iron . — A vein of iron ore near Sicgeii, Germany, can be tracsed 
for nearly 2 miles by birch trees growing o?i its outcrop, while the 
remainder of the country is covered with oak and beech. 

Lead . — The “ had plant {^AmorpUa canescens) is said by pro- 
spectors in Michigan, Wiscsonsin, and Illinois to be most abundant 
in soils overlying the irregular deposits of galena in limestone. 
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Indicative Plants — ooiitinued. 

It i8 a shrub IS ft. hig^h, covered with hoary down ; the light blue 
flowers are borne on long spikes, and the leaves Jire arrangt'd iu 
close pjiirs on stems, being almost devoid of footstalks. 

Gum trees or trees with dead tops, as tilso sumac and sassafras, 
are observed in Missouri to be abundant where float” galena is 
found in the clays. 

Limestone. — The beech tree is almost invariably prevalent on • 
limestone, and detached groups of beech trees Imve led to dis- 
coveries of unsuspected beds of lirm^stono. 

Phosphate . — The pliosphate miners in Estrem'^dura, Spain, find 
that the Convolvulus althmntlcs^ a crcet)ing plant with bcdl-shapcd 
flowers, is a most reliable gnhle to the scattered and hidden de- 
posits of phosphorite occurring along tlie contact of the Silurian 
slates and Devonian dolomite. 

Silver . — In Montana, experienced miners look for silver wherever 
the Eriofjonutn ovuli folium flourislies. This plant grows in low 
dense bunches, its small leaves coated with thick white down, an<i 
its rose-coloured flowers being borne in clusters on long smooth 
stems. 

Zinr. — The “zinc violet,’^ Gnlmeiveilrhen^ or ludineshlmne (F?o/o 
calaminuria) of Rhemish Russia and neighbouring parts of Belgium, 
is there considered an almost infallible guide to calamine deposits, 
though in other districts it grows where no zinc ore has been found. 
In tlm zinc districts its flowers are coloured yellow, and zinc has 
been extracted from the plant The same flower has been noticed 
at zinc mines in Utah. 


Ore Deposits. 

The primary source from wliich metalliferous veins have been 
derived, and the caus(;s which determined the peculiar metal or 
nudals in each case, are matters about which we know nothing. 
But the manner in which tliesci deposits have been formed comes 
within the hounds of reasonable CiUijectnre, and has an important 
bearing upon the commercial value of the deposit, especially as 
regards its bulk and permanence. 

There is abundant evidence in favour of the opinion that all the 
principal, accumulations of useful ores are due to the precipitation 
of material collected by water iu its passage through rocks at 
various depths, the mineral being very sparsely and widely dis- 
tributed. dissolved by the water under the influence of considerable 
heat, and subsequently concentrated and precipitated in favourable 
situations. These latter w<'re less likely to have been large cavities 
than narrow spaces, though ( cx*,asion»lly there may have been wide 
areas aw^aiting the influx of vein mutter. But it seems quite as 
likely that where large veins occur these are in great measure 
eomjwsed of altered country rook, and owe only a small portion of 
their contents to extraneous sources. Assuming this origin of 
metallic veins to be correct, then a knowledge of the geological 
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(he Deposits — continued. 

structure of the district, as bearing upon the formation of the water 
passives which introduced the metalliferous solutions, is of great 
signihcance to tlie mining engineer. 

This subject has been very thoroughly dealt with by R, F. 
Emmons, of the United States Geologicnl Survey, and the following 
remarks are condensed from his publislu'd papers. The three 
principal structural couilitions which would produce natural water- 
passages in the rocks forming the earth’s crust are : — 

(а) Sedimentation or bedding. 

(б) Intrusion of cruf)tive masses. 

(c) Dynamic movements producing fra -tures across rock-masscs 
of differing origin or composition. 

(«) By the first of above causes, by the deposition of alternating 
strata of varying degrees of j)ermrability, or by succosive flows of 
igneoiis rocks, natural cliannels will be afforded paral!el to the 
stratification or bedding ])1 an es, and more or less coincident with 
lliem according to the nature of the material of which the bound- 
ing beds are formed. 

These primary wnter-ch annuls along bedding-planes may be 
interrupted by either of tlie two causes h c. 

(h) Eruptive dikes or cross-cuitiug intrusive bodies of any form 
may interpose relatively impermeable musses across their course, or 
intrusive bodies, running parallel with the l)c(l(ling, may render 
the pliine of contact a more rctidy water pessage than it otherwise 
would have been. 

(c) The interruption to those primary watcT-ehannels resulting 
from the varied forms of rock- fracture caused by dynamic move- 
ments are manifold and numerous. 

Tiio greatest number of underground watei -channels, thougli 
perhaps not those carrying the largest volumes of water, will be 
atfonled by the multitudinous fractures in the crystalline or eruptive 
rocks, and in the okhu- and more metamorphosed sedimentary 
strata. 

Another p( ssible class of division-i)lane8 in rocks are contraction- 
planes or joints, notably the prismatic joints of more recent erup- 
tives. Con traction -planes must he confined to one rock-mass or 
bed, and cannot cross several of them, as do most miner.d-hearing 
fissures. Also, as contraction- planes alone, there would have been 
no movement or pressure along them. Hence planes wliere evi- 
dences of n)ovement or pressure are found cannot result from 
contraction alone. 

Ore-deposits along bedding-planes . — ^Most ore-deposits are found in 
mountainous regions wliere eruptive and dynamic action has been 
energetic; consequently, deposits resulting from the flow of water 
along bedding-planes alone, unconnected with the other classes of 
water-chanm Is, form but a small proportion of the whole. More- 
over, deposition will take place more readily from a comparatively 
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Ore Deposits — continued. 

sluggish than from a rapid flow; hence conditions that tend to 
retard tlie flow or cause a partial stagnation at a given point will 
favour precipitation at that point. Such would he the actual 
contact of an impervious stratum, c.ff. a bed of clayey material — 
with a readily pervious one like a loose sandstone. Again, in 
plicated strata, points where by sharp folding the beds are closely 
compressed together — as on thci side of the fold — are often found 
to curry large bodies of ore. The chemical composition ol’ the 
different beds is also a most importunt lactor. In some regions, 
where thin l)eds of limestone are scatten <1 thr*>ugh considerable 
thicknesses of sandstone and shales, the ore is almost exclusively 
confined tj> the more readily uttackahle limestoiu'. 

Deposits alonif — Mlneral-heuring solutions gathering 

in or flowing along the jdanes of contact of eruptive bodies with 
rocks through which they had been foi%‘ed would have a tendency 
to deposit their contents along such jdanes, whatever the direction 
of their flow. If they were ascending currents, it ma y be conceived 
that they were coming from a hotter rcgioij, or from the viciuity of 
a larger and not so thoroughly cooled mass of igneous rock, wliere 
their solvent power was greahn-, to a cooler region in which this 
solvent power would be relatively less. If lateral or descending 
flows, gathering lioiu the mass of one of the walls of the tissiire, 
precipitation might be induced from the solutions thus brought in 
by a retardation or temporary stagnation of tlie flow, by dilution 
through mixing with oth(‘r waters already circulating in the 
fissure, or by some chemical interchange resniti ng from contact 
with the other wall, if a ro<*k of diflerent chemical composition 
from that tlirough which the solutions had been passing. 

Oontact-pliiiies as defiiKal above will more frequently be found 
to coincide or connect with planes of rock-fracture, since one can 
hardly conceive of sheets of eruptive mck being forced through 
existing lOck-masses in the form hi whicli we now find them, unless 
tliey had followed some already determined line of fracture, or at 
least of readiness to ho forced ox)cn, and it is well known that 
eruptions of lava at the x>n;sent Hay are generally preceded by 
earthquake shoiks, which i)robably involve a very considerable 
shattering and ti^suriug of the eartli’s crust in the viciuity of the 
eruption. 

Ore-deposits along conlaet-plancs arc very common. Of deposits 
along the contacts of dikes or cross-cutting bodies of eru[)tive rwk, 
hence generally occufiying a more nearly vertical position, abundant 
examples are found, most of wliich are commonly classed by the 
miner as fissure- veins, because of the j>revailing prejudice in favour 
of tlie supposed greater value of that type of dejiosit. It may he 
that the whole mass of a narrow dike is impregnated with mineral, 
and thus constitutes the oro-lxidy ; but in the structural tense it is 
none the less a contact-deposit, since the dex>osit has been made by 
waters acting from the contact-planes outward. 
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Ore Deposits — continued. 

Deposits aUnuj planes of rock-fracture or fiss^tres produced by dynamic 
movements. — Th<* most prominent and readily remarked of these 
rock-lraetures are the great faults which have played so important 
a part in detenuining the orographic relief of our globe. The 
greatest of these faults oftcui extend for miles in length, and the 
displacement of the opposed rock-masses on either side of the fault 
may araoimt to b(3venil thousand feet. Minor laults, or displace- 
ments which are found in infinite variety, especially in regions of 
great dynamic distui banco, may not produce any readily apparent 
eliect upon the surface- features, and yet may be recognisable as 
determining the flow of springs, or bo detccte*! by the underground 
workings of mines. Th< y have been m<»st thoroughly studied in 
the workings of coal-mines, where the importance of careful under- 
ground niaf)j)ing is most generally appreciated, since tlm deter- 
mination of the direction and amount of throw of such faults has 
an actual money-value. In all these rock -fractures the evidence 
of a movement of displacement, as di8c,lo.>ed by the di.-crepancy or 
want of correspondence in the ad joining walls, is usually very pro- 
minent. There are other and much more numerous rock- fractures, 
in which thcj-e is either no movement of displacement, or it is so 
slight as to lie vvitli dilliculty delected. Among them certain 
elasst^s are cliaracteriscil by their frequency and their general 
parallelism in two or more co-ordinated ilirections, and at angles 
often aj)j)roaching a right angle with each other. 

Causes of Fracture. — It is hardly necessary to state that the force 
which produces the folding, faultings and rock-fractures, in short 
the mountain -building force, must be con.sidered as a result of the 
secular couhtruction of the earth’s crust, the forces exerted resulting 
from the attempt, of an already consolidate<l crust to fit itself more 
closely to a sin inking nucleus. Their eftect is felt probably only 
upon a cf)ini)arativ(‘ly thin outer portion of the earth’s crust: at 
any rate it is a very thin portion of this crust which comes under 
our observation. Tiiis cru.4 may bo ennetived, therefore, as having 
been since its first formation iii a e-ondition of tendon, a gradually 
increasing force whicli from time to time found its relief in earth- 
movements pTodneiug corrugations on its surface, and hence relative 
elevations along certain oiograj>hic lines, which from some reason 
or other were lines of least resistance or of weakness. Such lines, 
once determined, have been tne scene of most marked expression 
of these constantly recurring movements of relief from tension. 
Closely coniK cted with such movements have been the eruptions 
of igneous material, forced up from below, either from a region of 
permanent fusion of the material of tl»e earlh’s crust, as was formerly 
most generally maintained, or, according to later views, from local 
reservoirs brought into a fused condition as a more or less direct 
result of these movements, by the disturbance of equilibrium 
between the various forces involved in the general condition of 
tension. Whatever their source, the eruptions of igneous rocks 
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have unqueBtionably had a very close connection with orographic 
disturbauces, and fur(her have indirectly played an important part 
in tlje formation of most ore-deposits. 

Observation teaches us that these successive i)eriod8 of dynamic 
diftturbaiice, or of monntain building, must have been followed by 
periods of relative quiescence, during which the regions elevated 
into land-massis w<^re worn down hy atmospheric abrasion, and 
their coinminuted d(*bris carried into the adjoining oceans to form a 
new series of sedimentary beds. Each snccc'ssivc scries of dynamic 
movements would involve not only this newer s(Tics, but also the 
older and alrt ady pli(*ttted and fractured series of rocks ; and thus 
the structuial conditions are found lo be more coMijdicated and 
more difficult to <lcciplier, the older tlic rocks in which wo have 
occasion to study them. 

Cmnmun ckaractcristics of coiiipressuin-fractures . — There are three 
phases of stiuctural evidence of rock-fraciurcs and displacement 
resulting from conipression, one or more of wliich characterise the 
various tyjies of fissures carrying ore-deposits. These are : — 

(e) Striations and “ slickenside”* surfaces. 

(6) Breccia or fragmentary material in tlm fissure itself, or zones 
of crushed or broken rock-material included between intersecting 
syste ms of fissures. 

(c; A sheeting of the country-rt.ck paiallel with the main frac- 
ture : in other words, the occurrence of a system of minor fractures 
whi< h divide the comitry-rwk iq> into a system of approximutedy 
I)arallel plates or slnets. The distance between these parallel 
fiactui es, or the thickn('S8 of the ^hcet8, may be reckoned by inches, 
by feet, or by hundreds of feet, according to the varying texture of 
tho rock-masses involved, or the different dynamic conditions which 
have produced the fracture. 

It w ill at once suggest itself that these are all phenomena char- 
actc*rifctic of faults. But they are also found, at times, where there 
may be no recognisable cvhlence of actual dhplaceinent of the 
rock-n. asses on either side of the fissure or fracture. On the other 
hand, it will l>e equally evident that fissures characterised hy these 
phenomena can hardly be the result of contractiou, or shrinkage- 
cracks. 

Striations are not confined to well-defined fissures, but arc found 
bn smaller planes within rock masses; but in any c^ise they seem 
to necessarily give evidence of movement under pressure, be the 
amount of that movement ever so small. 

Fragments of country rock are often rounded. These have less 
probably fallen into the fissures from the w alls, and become rounded 
oy attrition either against the walls or against each other, than 
been produced by the rubbing or dragging of one wall against the 
other. The greater or lesser size of the fragments would, in a 
measure, prove a greater or less distance between tho walls, but it 
seems that under the enormous pressure that must have acoom- 
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Fractures — continued . 

panied these rock-fractures, the space between the walls must have 
been more or less completely fill -d with attrition material, only part 
of which would be actual rock-fragments, and the rest finely com- 
minuted material, which, under the dissolving agency of percolating 
waters, would finally result in more or less impure clays. The 
rounding of the fragments, on the other hand, is readily accounted 
for as the action ot these same percolating waters, it being a well- 
recognised fact tliat tlie decomposing action of moisture in any 
form acts more rapidly on the corners or angles of a rock-mass than 
on its flat surfaces, and the sharper the corner the more mpidly is 
it oaten away. 

Crushed zones are merely larger phases of the same actions as 
produce the broccia-nifittTi.d, and are subject tf) the same general 
laws, only differing in their greater dimensions and the more 
irregular shape of the enclosing walls. 

The sheeting of the country-rock in faulted or fractured regions 
where ore-deposits abound is a phenomenon to which hitherto 
too little attention has been paid. Its importance as a feature of 
fissure-veins is, however, groat both from a geological and from a 
Dr.'ictical }X)int of vit^w. Tliat it has hitherto escaped due recog- 
nition is probably due to the prevalence of the old idea that vein- 
deposits are necessarily the filling of open fissures, and to the failure 
to appreciate to how great an extent they are actually the replace- 
ment of roek-inaterial rendered more readily accessible and attack- 
able by the dynamic movements which i)rfxluc6d the fissure. 

From individual fissure-faults there is a gradual transition into 
co-or linated fractures, as a rule greater in number in a given area, 
but of less individual extent, which form a sort (>f fractured zone 
with two or more prominotjt directions of fracture, apparently of 
nearly con temporan ecus formation. These Emmons calls compres- 
sion-joints^ because they always show one or more of the evidences 
of compression, viz. striatiou, brecciation or crushed material, and 
sheeting of the country-rock. Such complicated systems of fracture 
would appear to inv<»lve the action of more than one system of 
dynamic movement; tliat is, of forces of compression acting at the 
same time in difi'erent directions, and hence combining with the 
direct plicntioiml strain more or l(‘ss strain of torsion. 

In the larger joints or fractures observed in mining districts, 
the effects of direct compression have been more marked, and the 
effects of the torsional stmin are probably more seen in the minor 
fractures, or stringers and leaders, as the miners call them. In the 
map of a mining district characterised by a multitude of small 
veins, it will be found that the more detailed the map and the more 
thoroughly the veins have been explored and repri sented thereon, 
the more regularity and uniformity in their directions are shown. 
It must be borne in mind, however, that such a map never repre- 
sents the totality of the fissures in the district, but only such parts 
of them as have been found sufficiently rich to exploit for ore. 
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It is evident that hy a siiceeseion of dynamic movementa, espe- 
<!ially when acciompanied by tur»ional sirninB, an almost infinite 
variety of fissurc^s and pnssaf^es for minc*ral-boann;2: waters may be 
j>roducod, and that it would therefore not lx. possible beforehand 
to deseribo all the vaiious structural conditions under which ore- 
deposits may occur. But certain conditions BUf^g(.‘st themselves as 
a result of th(i structural method of cousidering tlitim that would 
seem to liave a gcmeral apfilication. 

Structunil Gcnerallaalpnis . — Ketetitof Fi^mircs , — Since the dynamic 
movements are confined to the crust of the earth, it is evident that 
the fissures pioduc.< d l»y them canuot literally have an indefinite 
extent in depth, though in certain cases it is very possible that 
this extent may be piactically indefinite, as it may go beyond the 
limits at wliich mining is practicjible. It is fair to assume that 
those fissures whi(^h liave tlie greatest horizontal f‘xtent will have 
the greatest extent in depth ; in other words, that their vertical 
and horizontal dimensions l)ear some sort of proportion to each 
other. If, tbcrefoie, as some liave maintained, tlie vein-filling has 
in all cases been brouglit from some source at great depths in 
the earth, the groabst fault-fissures would be expected to be the 
greatest and most frequmt ore-producers, since they would reach 
nearer to this unknown source. 

But rather the reverse is the case, which, as far as it goes, fur- 
nishes an argument in favour of the vi<i\v that the veiu-material 
lias b<?en derived from the surrounding, though not of necessity 
absolutely contiguous, rocks. On the great fold-faults are found 
no considerable d<;posits of ore, and it is comparatively rare that 
continuous deposits are found along a single well-defined fault- 
fissure. The majority of deposits seem to occur where there are 
a series of fissiiies, more or less regularly co-ordinated, in which 
several of the series are prominently accentuated. In such systems 
there seems to be a tendency for the ri<-h ore-bodies or Ixinanzas to 
extend in a direction which lies at au angle witli that of the main 
fissure, or to continue for a certain distance along one fissure and 
then to pass into another fissure, set oft* at a little di.^tance from the 
first. It. would seem probable that there must be some structural 
reason for the coneeiitratiou of ore in this way. The practical 
lesson to be learned is that the miner should not confine his ex- 
plorations to the single fissure in which his ore occurs, but when he 
rims out of bonanza in that, he should seek a continuance of it in 
some adjoining fissure or plane, in a direction to be determined by 
the study of the system of the fracturing of the region and of the 
general direction of the bonanzas. 

Vein-walls . — The second generalisation is in regard to the walls^ 
which have generally been considered an important and almost 
indispensable ciiaraoteristic of a true fissnre-vein. The typical 
wall which the miner considers an evidence of a strong and well- 
defined fissure- vein is a comparatively smooth, generally striated^ 
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rock-plane, nnd frequently coatiid with a clay selvapje — a band of 
decomposed argillnceous material winch itself generally shows evi- 
dence of pressure nnd movement. From the above structural point 
of view of tlie origin of vein-fissures it is evident that the cliaracter 
of the wall and selvage is dependent on the comiX)sition of the rock 
and the amount of displacenmut and pressure. The grinding of 
one face of rock against another will undoubtedly tend to plane 
both off and to produce a cerhiin amount of fine attrition-material ; 
but this attrition-material will not necessarily be re<luced to clay 
unless it has further been subjected to the decomposing action of 
water, which has carried off c<-rtain poitiona and left an argil- 
laceous residue. Th<; extreme instance of such decomposition is 
found in the muddy accumulations at the bottom of caves in lime- 
stone*, winch are simply the less soluble residues, mo.stly silica and 
alumina, resulting from the dissolution of large quantities of more 
or loss impure limestone. 

These walls and sf‘lv!iges are a frequent accompaniment, but by 
no means an essential characteristic, of an ore-bearing fissure. It 
is quite conceivable that one or both may be wanting; and such 
occurrences are not uncommon in nature. Take*, for instance, the 
veins of Butte, Montana. These are a series of co-ordinated frac- 
tures or compression-fissures in a remarkably liomogencous mass of 
granite. Apparently there has been little or no displacement of 
the walls of these fissim^s relativily to each other; hence, but 
little attrition-material has been produced; and for this reason — 
and probably, also, on account of the charactiu’ of the rock and 
because it was not much decomfmsed along the fissure-planes before 
the advent of the ore-bearing solutions — no clay selvages have been 
formed, and the ore-bearing solutions have eaten into the wall-rock 
to varying distances, rejdacing it more or It ss completely by vein- 
material, and leaving no definite boundaries or walls to the deposits. 
'J'hcre is no reason, however, for considering them any tlie less true 
fissure-veins or less valuable ore-deposits on this account. 

On the other hand, uudcT certain conditions, instead of an ab- 
sence of well-defined walls there may be so many as to mislead 
the miner who depends too implicitly upon them as a boundary 
of his ore-body. In the Gunnison region, for instance, where, 
owing to the plasticity of the country-rock, it has been divided 
along the main fracture-planes into a series of very thin parallel 
sheets, the space between these sheets has frequently been filled by 
quartz, which thus forms a thin sheet, often so completely repro- 
ducing the form of the fissure as to present a cast of the striation- 
surfaces. Such a sheet of quartz, when the adjoining bands of 
country-rock have been replaced by vein-material, forms a hard, 
well-defined wall to the ore-body, which delights the eye of the 
honest miner and enhances in his mind tlie value of his property. 

Ore may be found as well on one side as on the other of such a 
wall, and not unfrequently is apparently confined to one side for a 
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considerable extent along the length of the vein, and then is found 
almost as exclusively on the other side. In one prominent instance 
a now body of rich ore was struck by cross-cutting into the foot- 
wall country. The moral is that judicious cross-cutting forms a 
very important part of vein-mining, but sliould be conducted with 
due regard to the fracture-system of the adjoining country, and to 
the evidence to be obtained as to the course followed by the ore- 
lH*aring currents, or it may involve an unnecessary amount of dead 
work. 

Banded structw'e , — In most of the deposits of the Gunnison region, 
there is a note wort liy appearance of banded structure parallel with 
the walls of the fissure. ^Fln^ evidence of faulting and of the thin 
sheeting of the country-rock is there so clear that the explanution 
at onc(! pr( seiits itself tlitit this appearance arises from the fact that 
the deposits are partly a filling-in of interstitial spaces, and partly 
a replacement of thin sheets of country-rock, the differing coin])08i- 
tion of the bands resulting rather from the necessary variation in 
the process of deposition than from essential diftcTences in the 
ore-bearing solnfions. Were one to examine liiere only a large body 
of rich ore, and neglect to examine the adjoining poorer deposits, 
and to study the structural conditions of the region, one might 
be led to adopt some of the complicated explanations set forth in 
books on ore-deposits, such as successive} reopeniugs of the vein, 
to account for the conditions found, instead of the simple one given 
above. 

Ci'ushcd zones. — Cases occur where the systems of rock-fracture 
intersect, each otlur, and under suitable conditions considerable 
portions of the country-rock included between such intirsecting 
fracturis may be broken up or crushed to such an extent as to 
admit a relatively fiec passage of percolating waters. Where such 
waters are mineral-boaring, the interstices between the fragments 
will offer spaces for the precipitation of their contents, or where the 
rock is readily soluble the fragments themselves may be replaced 
by vein-material. 

Where three or more nearly vertical fracture-planes intersect 
each other u< ar the same point, the prismatic body of rock included 
between these intersections may he so crushed and broken as, in 
a district rich in mineral- bearing solut ons, to give rise to what 
are generally known as chimney deposits. Where the fracture- 
planes are merely joints along which there has been but little 
movement, and no clay selvages have consequently been formed, the 
ore-solutions will eat out into the rock in such a way that the ore- 
chimney may appear to have a rounded instead of an angidar hori- 
zontal section, and the fracture-planes themselves may have become, 
by the dcKsom position of the adjoining country-rock, so obscured as 
to l>e with difficulty traced in the immediate vicinity of the ore- 
body. 

Bepeated movements odong fissure-planes, — It is a well-recogn:scd 
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fact of structural geology that in successive dynamic movements 
in the same region there will be a tendency for fractures to follow 
already determined planes of fracture. Furthermore, it appears 
that the faulting of a rock-mnss is not necessarily a geologically in- 
stantaneous movement, but that the displacement may continue for 
some time after the first fracture has been dc'termined, probably 
dying out very gradually. Some such continued movement seems 
necessary to give time for the reduction by the action of water of 
the attrition material to the clayey condition in which it is often 
found. We may expect, therefore, to find evidence in large fissures 
of repeated movements. 

Cross-fractures, and even apparent displacement of one fracture 
by another, may be produced by one and the same strain. Hence, 
in studying a system of fissures, one must not too hastily con- 
clude that each direction of fracture means a distinct movement, 
or even that displacement of one fissure by another necessarily 
proves tliat the latter was produced by a distinct and later move- 
ment; to bo sure of this, some of the otiier evidences of movement 
must be found. 

Some very interesting facts in connection with two adjacent 
properties in Boulder Oo., Colorado, are worthy of notice. 'J'he 
vein A runs first in porphyry, then in contact between porphyry 
and granite, and sometimes wholly in granite. The vein stone is 
a hard flinty white quartz. The gold is free and often very coarse ; 
rarely accompanied by pyrite and chahjopyrite, increasing on enter- 
ing the granite, when blende and galena also occur, but as tellurium- 
minerals. 

The vein B is a hlnish quartz, with clialcedony and finely dis- 
seminated pyrites. The value is in metallic gold, petzite, and 
sylvanite. While most of the metallic gold was deposited as native 
gold, a certain jx>rtion has evidently boon rendered free by the 
partial decomposition of the tellurium-minerals. The richest ore 
usually occurs in two narrow seams or streaks, often only 1 ft., hut at 
times as much as 10 ft. apart ; the intervening space is more or less 
mineralised country-rock. Tlie miners working as lessees on this 
vein consider it richest in the schistose rock, and poorest when it 
is in the porphyry, on its course through the dyke. Though the 
openings on the vein, in the dyke, are limited, tJiis opinion appears 
to be correct. 

So distinct are the characteristics of these veins, that the crossing 
of B through A is plainly marked, and confirms the opinion that 
the gold-mines of the country belong to at least two distinct periods 
of vein-formation. 

That the orcis from B (the tellurinm-vein) are of lower grade 
where the vein passes through the porphyry dyke than elsewhere 
may be due to tne formation of the A vein first. This vein proba- 
bly drained the dyke of much of its disseminated mineral values. 
B doubtless received its mineral through the schistose or gneissic 

T 
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I’ooks, and is consequently richer where enclosed in those rocks than 
in the dyke. 

Prospectors, as a rule, look for richer or larger bodies of ore where 
veins unite or cross each other. In this propeity we have two 
interesting occurrences of tliis kind. The A veins unite at a point 
100 ft. below the surface. These are similar veins of the same ago. 
The result is seen in larger and richer ore-bodies mined in the 
stopes adjacent to the junction of tlie veins. In the other case, the 
crc’ssing of the B (toliuriuni) vein through the A veins, winch- was 
tlie passing of a later through earlier veins, produced no local en- 
largement or enrichment of the ore-bodies. It may be inferred 
with probability as a general rule, subject of course to local excep- 
tions, that for the production, by the junction of two veins, of ore- 
bodies larger or richer than are characteristic of either vein 
sejiarately, the two veins should be of contemporaneous origin. 

Perhaps this last pro[)Ositioii may bo both confirmed and ex* 
jdained by restricting its application to such cases of enrichment 
as result from tin? simple enlargement of the space available for 
ilcposition, and tlie consecpient diminution of the six'od of percolat- 
ing currents — Ixith of which comlitions anj observed to produce 
similar eftects in veins which vary in dip or width but are not 
intersected by other veins. Practical miners look for the larger 
ore-bodies in the fiat places and the wid(j places of the vein; and 
the pinches, though they do now and then compemsate by special 
richness for their contracted size, are usually as “ lean ” as they 
are thin. 

The theory of the formation of onvdeiiosits by rojdacoment, as 
oiiposed to that by tlu^ filling of jire-cxisting cavities, may be 
applied to deiKisits in rocks which are not so reatlily soluble as 
limestone, in which ca8<‘B the percolating solutions would have 
first attacked tlie relatively more soluble among tlieir constituents. 
Very many so-called fissure- veins in crystalline rocks arc formed 
by percolating water circulating along joints, shrinkage-cracks, 
fault-planes, or zones of crushed rock, wliich have filled the 
interstitial spaces and rtplaccd the mate i in Is of the adjoining 
country-rocks to a greater or lesser extent by the materials they 
lield in solution, but are not the filling of any considerable open 
cavities. The comb-structure of veins, on which the early geolo- 
gists founded their theory that a vein was necessarily the filling of 
H pre-existing ojjen cavity, is of comparatively rare occurrence. 

Cracks or fissures must undoubtedly have existed, which deter- 
mined tlie concentration of mineral solution along their coui’se ; 
Imt whether such cracks were to any great extent fault-planes, 
wliose movement might have left large open spaces between the 
irregularities of their walls, seems questionable. In Leadvillo one 
of the most noticeable ia -ts is that the fault-planes, which may 
be Buppfteed to reacli to great depths, have been found barren of 
ore except by secondary infiltration from surface-waters, or as 
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attrition-material from pre-existing deposits, when the fault-line 
cuts across such deposits. 

The idea that a fissure vein necessarily extends to an indefinite 
depth is another popular error, and not founded on good geological 
reasfming. Whatever the nature of the fissure along which the 
deposit lias tak(*n place, whether fault-plane, joint, or shrinkage- 
crack, there must be some mutual relation between its horizontal 
and its vertical dimensions. In other words, the study of stmctural 
geology shows that the hmgth of such a fissure or crack must bear 
some proportional relation to its extent in depth, and the proba- 
bility is that the latter must bo less than the former. 

The present tendency oi the results reached by careful and well- 
authenticated determinations of the origin and manner of forma- 
tion of ore-deposits is in favour of a continually increasing applica- 
bility of the following conditions : — 

That they are deposited from solutions made by percolating 
waters. 

That the deposition takes place very rarely in actually open 
cavities, but most frequently by a metasomatio interchange, or by 
reyjlacement of the more soluble or more accessible portions of a 
rock or members of a rook-series. 

That these solutions do not necessarily come directly upward, 
but simply follow the easiest channels of approac-li. 

Tliat these materials are not immediately derived from sources 
at some unknown depth, but from neighbouring bodies of rock 
within limited and conceivable distances. 

That where, as is so often tlie case, ore-deposits are associated 
with, or in the vicinity of, Iw^dies of eruptive rock, especially the 
older intrusive rocks, there is a reasonable probability that their 
materials have been derived from these rocks. 

If the solutions came from the country-rock, at or above the 
level of the ore-deposit, it is most likely that the hanging- wall 
will be more or less obliterated, and the foot- wall relatively dis- 
tinct. This follows from two considerations ; first, because the 
rock of the hanging-wall is in such a case the main sourco of the 
water-suj)ply for the fissure, the natural eftect of gravity (apart 
from special water-channels) being to carry the watcjrs of the foot- 
wall away from the vein, and to some other vein below it ; and 
secondly, because the disintegrated rock of the hanging-wall 
would naturally deposit debris on the foot-wall, protecting it from 
disintegration, and thus preserving its definite form. The only 

boundary ’’ of such a vein would be a commercial one, viz. the 
line at which the ore ceased to pay. 
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Ferns. 

(a) Or^erhead mining when the vein does not exceed 2 fathoms thick . — 
The main adit or level a 6, Fig. 38, is first driven, and from tliis at 
intervals the winzes or shafts are made upwards as at e, and from 
these again other levels d are diiv(jn. Similar operations are 


Fig. 38. 



Overhead Mining. 


extended downwards as at c f g, the bottom of tho shaft c forming 
a sump at A, into which the mine water will drain and from 
which it must be pumped. 

Fig. 39. 



Overhead Mining. 

The manner of excavating one of the square masses of ore t is 
better seen in Fig. 39, where a b is the adit ; c d, shafts ; e, timber- 
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ing which forms the roof of the adit, and at the same time the 
floor of the chamber being excavated ; /, a heap of ore broken dowij 
from overhead ready for running out of the adit ; g, that portion 
of the mineral which has no value, and which accumulates under 
the feet of the miners as their work progrossi^s ; /?, a substantial 
wall forming one side of the shaft c, sometimes built of the larger 
pieces of rock broken down from but more often timbered ; the 
un worked portion of the vein ; space in which the miners wield 
their tools. 

The advantages of this syhtcm are thnt less timber is needed, 
and the ore is more easily brought to bank ; its disadvantages are 
that the mimT has to rciuch upwards to his work, and that some 
ore must necessarily get mixed with tlie rubbish g and be lost. It 
is by far the most widely adopted. 

(/>) Underhand Mining when the vein does not exceed 2 fathoms thick* 
— From the main adit a 6, Fig. 40, a shaft c is sunk on the vein. 


Fig. 40. 



Then, commencing at (/, miners standing on the ore in the vein 
excavate it in a aeries of steps de fg, the ore having to be raised 
by windlass or other contrivance through openings in the flfK>r 
timbers of the adit a 6, whilst the rubbish is thrown back on strong 
timber shelves 6 built against the wall of the shaft e. 

The advantages of this system are that the min< r has easier 
access to the ore, and cun apply more pow(ir, whilst the loss of ore 
is less. The disadvantages are extra cost for timbmdug and 
tninsporting ore to bank, and increasing difficulties in ventilation 
and removal of water. 

(c) Crossiior/i on veins over 2 fathoms thick. — With very thick veins 
it is necessary to modify either of the systems before mentioned, so 
as to deal with the width of the vein in successive sections. This 
is illustrated in Figs. 41, 42, A main gangway a is lirst driven 
along either wall he of the vein r, and substantially timbered. 
From it a series of breasts or crosscuts defg hi are driven at right 
angles through the vein till they reach the opposite wall c. These 
breasts are 1 fathom high and 1-2 fathoms wide, and are so workerl 
as always to have firm ground on both sides of them, either solid 
ore as at A f m n, or rubbish stowed back in a former breast as at ri. 
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As one level is worked out, new gangways, as at o, are driven 
overhead, and the crosscutting is ret>eated, with timbering p where 
necessary, and always providing that no two breasts in the same 
vt-rtical line shall be worked simultaneously. 


Fig. 41. 



(d) A modification of the ordinary method of timbering in mines, 
which lias long been in general use on the Pacific Coast, is shown 


Fig. 42. 



in Figs. 43, 44. Sawn timber is used throughout, the uprights 
and cross-pieces are 10 in. x 10 in., and stand 4 It. 6 in. apart ; 
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the sanoe dinienBioiis and timber as the sill floor. The planks used 
as staging are 9 in. y in. ; they are moved from place to place 
as required, and upon them the men stand when working in the 
stopes and in the faces. A stope resembles a huge chamber fitted 
with Bcaflblding from floor to roof. The atmosphere is cool and 
pure, ami there is no dust. Stage is added to stage, according as 
the stoping requires it, and ladders lead from one floor to the other ; 
the accessibility to tlie faces is a great advantage. If, whilst 
driving, a patch of low-grade ore is mot wdth, it can be enriched 
by taking a liigher class from another face, and so on ; any grade 
can be produced by means of this power of selection. Opinions 
have been expressed that this systc^m of timlxiring is not secure, 
and that pressure from above would bring the whole structure 
<lown in ruins. But if signs of weakening in the timbers become 
apparent, the rc inrdy is very simple. Four or more of the up- 
rights are lined with planks, and waste material is shot in from 
above, and a strong sujjport is at once formed; or if signs of 
crushing are noticed, it is ]K)B8ible to go into tl»e stope, break down 
ore, and at once relievo the weight. The cost is said to he cJO per 
cent, less than in the usual system, the ventilation is unimpeded, 
and much timber is saved. This method is commonly known as 
the “ Nevada or “ Square’^ syshun of timbering. 

(e) Excellent examples of the contingencies arising in the course 
of long continued mining operations are aft‘orded by tlie East 
and West Vulcan mines of the Penn Iron Mining Company, Michi- 
gan. The ore occurs here in immense bodies, lying between bard 
jasper-slates and soft clay slates ; it is soft hematite, and varies in 
thickness from a few inches to over 100 ft. The earliest mining 
methods were of tlie crudest sort, but the gradual increase of 
depth and multiplication of difficulties have compelled successive 
improvements. 

The first was the introduction of the Nevada system of timbering, 
which, as already described under (d), p. 278, consists in filling the 
space exhausted in the ore-body with a series of frame cubes. These 
cul)es are eonsirueted with wliite pine timber of excellent quality, 
12 to 15 in. sq., framed into squares of 7 ft. from centre to centre. 
There is great value in this system of timbering as related to 
strength, facility in erecting, and its adaptability to all thicknesses 
of ore-deposits or variations in hanging and foot-walls. When the 
walls are tolerably firm and not easily sollened by exposure to the 
moist atmosphere of the mine, it possesses great strength ; but where 
the hanging-wall is of soft clay-slates, softening rapidly on ex- 
posure, this system with its large timbers aflbrds only temporary 
support. When the crush begins, the upright posts lose tbeir 
vertical position, and many of the timbers are reduced to splinters. 
Collars and cross-braces are sometimes used to arrest a squeeze; 
hut a brief respite only is secured in this way. The flexure of a 
soft hanging-wall indicates the early crushing of timbers in the 
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/ exhausted pf)rtion of the level. It becomes then a struggle on the 
part of the miner to remove as much as possible of the ore out of 
the creeping level before the final crush comes to close out all 
mining operations. It has thus been found that for certain 
qualities of ujine-walls this elalKmite system of timbering fulfils its 
office satisfactorily, but that under a softening hanging- or foot- 
wall it is not reliabh^ for a sufficient time to aff »rd opportunity for 
exhaustive mining in each level, or to protect ways to the adjoin- 
ing h^vel. The depth to which it can be safely cariied d(}pends on 
the firmness of tlie hanging- and foot-walls more than on the in- 
creased pressure from depth, although the latter is aUo an important 
factor. 

The latest and modern method of “ rock-filling ” was compelled 
by the conditions, already described, in the West Vulcan mine. At 
the eighth level the ore is GOO ft. long and the average thickness 
about 25 ft. The shaft is GtJS ft. deep to the ninth level. The 
timbering, mainly after the Nevada system, has been carried to 
the eighth level. Rock-filling is now bring nsi d in the ninth level. 

Figs. 45-47, show tlu^ method of tliis filling. From the main 
shaft a a drift cuts the ore-body 6 and 25 ft. into the foot-wull c of 


Fig. 46. 



CROSS SECTION 
A B 


Ilock-fiUing at West Vulcan. 

firm jasjKjr-slates. From this point d a rock-tunnel e is driven in the 
foot-wall c east to shaft /. Along this rock-tunnel e ports g are 
made at intervals of about 100 ft. into the ore-body b, IVom 
these ports the mining of the ore begins on the bottom of the ninth 
level. 

The first cut of this ore is mined about 8-10 ft. high, and the 
spaces from which the ore has been removed are filled with rock. 
This rock-filling k follows the mining and atibrds absolute safety 
and inflexible support to the walls of the mine. The broken rock 
for filling is convoyed down the winzes A, and the ore through 
the shutes t, which are built up as fast as the filling is made 
upwards. 
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It will thus be seen that the tunnel e in the foot-wall secures 
absolute safety to the maiuways of each level ; it is out of the crush 
range in any event. The winzes h are also ventilators, and greatly 
improve the sanitary conditions of the mine. 

'I he ore-body h is under this system attacked by the miners on 
double face at each port </, from the main r(K!k level or tunnel e in 
the foot-wall. The mining by sections upwards is simply a repeti- 
tion of the first 8-10 ft., the rock filling following the mining work 
and occupying the spaces from which the ore has been removed as 
rapidly as room for the mining operations will permit. Some 
timbering will be rcquir(‘d occasionally in this rock-filling, especially 
in sustaining the filling in upper levels, as it is approached from 
below in removing the last cut of ore. 

This rock-filling systc'm has not been adopted on the score of 
economy over the Nevada system of timbering, but has been 
compelled by tlio necessities of the case. Sutlicient work has not 
been done to afford a ndiable statement of the relative cost of the 
two systems. Nor would such a statement at any time form a 
permanent basis of comparison, bc^cause the forests of tliis region 
are being exhausted, with consequent eftects on the market prices 
of timber, wliilo tlie cost of breaking uji and shooting waste rook 
into tlie mine fiuctuates but little. The price paid for timber 
and timbering at Wiist Vulcan in 1887 was Is. 7Jd. per ton of ore 
mined. The cost of rock-filling, with attendant consumption of 
timber per ton of ore mined, wa.s Id, a ton for rock-filling and 3d. 
a ton for timber used therewith. These estimates nujuiro verifica- 
tion by a few years of actual work. It may be pointed out that 
the rock-filling affords a permaneut support, which is not liable 
to decay us is the timbering system, and will not require renewals 
during the progress of the mine-workings. 

There are other important factors in connection with the general 
application of this systimi of rock-filling, o. g. the looaticjn of the 
shafts or slopes to the mines. The first planning of these slopes or 
skip-ways placed them in the ore-body, requiring large pillars of 
ore for their maintenance. Where the ore is of moderate thickness 
(12-1.5 ft.) this method is not so open to criticism ; but when the 
ore-body is 20-100 ft. thick and rather soft, it has serious draw- 
backs in the great pillars of ore which must be set apart for this 
purpose, and in their tendency to crumble, especially in the event 
of a creep or crush, which follows in a greatt^r or less degree in 
exhaustive mining. The use of skip-ways in the foot-walls, or the 
sinking of shafts in the hanging-walls, are matters of the greate&t 
importance in assuring safe and economical mining. It has been 
shown that slopes or skip-ways in the ore-body are open to serious 
objections in large deposits of ore. It is quite possible to sink the 
slopes or skip- ways in the foot-wall, especially when this is firm. 
They could be driven in the fuot-wall, and a sulficient distance 
under the plane of the ore, say 10-20 ft., so as to assure a perma- 
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nent rock tunnel under all conditions of creep or crush. Tliis will 
have some exceptions, as where the ore-body is much flexed and 
pitchinji:,* but there are nuiny deposits where a slopes or skip-way 
could be driven in the foot-wall of tin ore-deposit, and be readily 
made to conform to the flexures mei,, in ordinary casf's, in these 
foot-walls. This would l>e costly at flrst, but it would ultimately 
be found to assure ^^reat safljty, and jierinit (‘xhaustive mining:, 
since no pillars would be required for its protection. 

West Yulcan mine exhibits an example of approaches by slope 
or skip-ways, partly in foot-wall slates, and a vertical shaft in the 
soft slates of the hangjing-wall. The location of the main shaft 
in the hang:ing-wall was the result of several conditions bearing: on 
the ultiniiitc economy of mining: its ore. It is lu'ar the si<ling of 
the railroad, afl’ording a ready way for delivering the ore into rail- 
road cars, and also for r(‘ceiviijg coal by the same way for the 
boilers, and timber for the mine. This location also reduced 
largely the Jieight of the pumping column, and the shaft was sunk 
in soft slates rapidly and che^aply. Aside from these special con- 
ditions, the locating of a shaft in the lianging-wall cannot be com- 
mended, as there is generally some shiiting in the hanging-wall 
ground, endangering shaft and mnchincry. 

It has been a mattijr of discussion whether the usual method of 
mining by beginning operations at or near the surface and working 
downwards, in tlie best plan. It is true that it affords a ready out- 
put of ore, and a quick nduru of money ; but, unless permanent 
rock-ways are established, it involves increasing expenditure in 
the downward workings. It is submitted, that in deposits of ore 
of moderate thickness, a slope could be cut in the ore to the bottom 
of the deposit, and workings commenced there, entirely exhausting 
the ore in the progiess of the working upwards. The exhausted 
spaces below would afford a nuidy place for mining refuse, and 
could, if necessary, be supplemented with additional rock-filling. 
Even should the hanging-wall swell or buckle, no serious injury 
could result, as such a crush would be arrested at each level. 
(J. Fulton.) 

The objections to the rock-filling system are the amount of dead 
work entailed, and the inconveniences ami destruction of timbering 
owing to the ground sinking uiu‘venly under foot. 

(/) The system of mining in use at the Iron Eiver mine, Meno- 
minee region, is extremely well adapted to ores hard enough to 
stand over the width of the vein. A sectitm across a stope (Fig. 48) 
"shows the method of work. The ore a is taken down iii an over- 
hand stope b running the width of the vein from the hanging-wall 
c to the foot- wall d for any desirable length, and for a height of 
soy 12 ft. A timber-drift e is then built alougthe floor of the stope, 
and the balance / of the stope is packed with waste sent down from 
the surface through winzes previously sunk or upraised at intervals 
of about 50 ft. in tlie length of the stope. A “ mill” or “ chute ” g 
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is carried up every 50 ft. along the level to run the ore down ; it is 
about 4 ft. sq. inside, and is built of round, rough hardwood sticks. 
The spaces between the sticks when they do not lit closely are filled 
with pieces of plank, and the inside of the “ mill ” is lined with 
hardwood planks spiked on to the side timbers. These planks are 
easily replaced when worn. The packing is levelled over as close to 
the backs of the stope as is convenient for working, and is planked 
h over, to keep the ore from mixing with the filling. Tlie “ mill ” is 


Fig. 48. 



Working on Hurd Vein at Iron River, 


carried up before the filling as high as this is to go ; and when the 
filling is levelled off, a few large sticks are laid across the mill, 
leaving intervals large enough to throw the ore down, but so narrow 
as to prevent the falling in of a man or a block of ore that would choke 
ui) the outlet from the mill. This method is extremely satisfactory 
where the ore is strong enough to stand without timbering across 
the vein. It requires no timber, except for the level and the mills, 
and a few planks, wiiile permitting the extraction of nearly all 
the ore. The cost of filling at Iron Kiver was only a ton on 
the ore got out, but on the average this figure would be much 
exceeded. 

((/) For working in large soft ore bodies, Roth well thinks it 
would be found in every way advantageous to work the vein out 
from the top downwards. He would drive the main levels a in 



Working Downwards on Soft Ore Bodies. 


intervals the vein would be cross-cut c, and stoped out the width 
of one set, up from one level to the next above. However soft the 
ore it should be possible, even witli rathi r light timber, to hold a 
stope only 8-9 ft. w*ido running across the vein in the solid well- 
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drained ore. This will lake the place of winzes and cross-drifts at 
much less cost, and will serve as a pocket or chute / to hold the 
ore, which can be dmwn thence into the cars h below ; or the mill 
or chute /, through which the ore is sent down, can be built say 
3J by 4 ft. in the clear, of round hardwood sticks lined with hard- 
wood plank. By a little care in packing round it, this can pro- 
bably be held in the tilling g as a waste mill, through which 
tilling may bo sent down from above; or the mill can be cut in 
the f(X)t-\vall. When the cross-stope reaches the upper worked- 
out ground, longitudinal slopes i, one or two sets in height and one 
set in width, are driven to half the distance between the cross- 
stopes, leaving between them intervals or pillars two sets wide or 
more if the ground permits. These longitudinal slopes are timbiired 
lightly, 1 laving to stand but a V(?ry short timi‘, and being in the 
Solid undisturbed ore, with the tilling from above resting on each 
side of Iheiii on solid ore. When the mid-distance betw(^en the 
cross-stopes is reached the back-stoping commences by taking out 
the ore on each side of the slope / to the width of a set, or half the 
pillar left between the longitudinal slopes i supporting the “gob'’ 
roof whih} doing so, and laying lagging poles or slabs across the 
lioor of the slope as the work proceeds. Any waste rock or material 
available or desirable may be thrown back in the packing, and 
when a space the area of one or two sets is vrorked out on each side 
of the last sets of the longitudinal slope ?, the temporary timbering 
is drawn, aiid the “ gob " roof, with the lagging previously laid 
under it, is allowed to drop on the bottom of the stope lagged to 
receive it. Ijight poles, and (!ven brushwood, will serve for thus 
keeping the ore from mixing with the waste. It will probably be 
found possible, as well as advantageous in many cases, to drive 
these longitudinal slopes i two sets liigh, and draw back the upper 
one a little in advance of the lower, and as they can bo driven out 
at any point in the cross-stope, a whole horizontal slice or section 
of the ore-body, no matter what its thickness, can be opened out, 
say two sets in height, at the stimc time. 

The advantages claimed for this system are : (1) that all the 
work is simply sloping ; (2) all levels aiid stopes that have to be 
timbered are in solid, undisturbed ore, and being only one “set" in 
width, are easily held, and require but light timber, while much of 
this is drawn and saved in letting the roof down ; when the stope 
comes up to the filling, this has only to be Bup}>orted over one 
set of timber, while it rests on the solid ore on each side ; (3) 
the filling follows the ore down, and as long as this occurs, the 
cave on the surface can be constantly filled from “borrow pits" 
much cheaper than by sending the filling below ; (4) it is possible 
to obtain practically all the ore in tlie vein, and to get it free from 
mixture with waste ; (5) caves or crushes are impossible ; (6) more 
ore can be extracted from a given amount of ground in a given time. 

(h) Another example of working in soft ore bodies is that at 
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liow Moor, Virginia. Tiie ore is generally soft, and all drifts 
Require close timbering. I’he banging-wall a (Fig. 51) is a band 
of broken flint and clay, and the footwall b is sandstone. Main 
levels G are driven in tlie vein along its sirike, CO-80 ft. apart 
vertically, startingfrom tlie surface on the side of the hill or from a 
hoisting shaft in the valley. 

They are usually on the; flint wall, wlu ther it be the foot or the 
hanging, because the flint is a better guide in following the vein. 
These levels are diiven along the vtdn to such a distance from the 
hoisting-shaft as may be required to rtuicli all the ore which it is 
intended to raise through that shaft — in some instances over half a 



mile. While the main levels arc being driven, the pillar between 
two levels is usually left untouched, except by up-raises connecting 
the two levels every 400-600 ft. for ventilation. When the levels 
are completed, the portions of two levels fartliest from the hoisliiig- 
shafts are connected with up-raises d, 60-75 ft. apart, two or three 
up-raises are joined by air-drifts c, and the ground is ready for 
.stopiiig. The timber in the air-drifts is recovered in stoping. The 
stopes are 12-15 ft. high, each pillar between two main levels 
making 4-6 stopes. As soon as a stope is worked out for 40-60 ft. 
along the vein, a floor is laid, consisting of sills covered with refuse 
timber or slabs, and the props are shot down. The waste material 
/ ftt)m above packs 8oli<lly upon this floor, and in a short time the 
next lower stope can be worked, using the floor previously laid as 
a roof to hold the waste material from the ore. A stope 40-60 ft. 
long, measured along the vein, is begun in the drifts, by first 
mining the ore g above the diift-timbers till the floor of the next 
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stope above is reached, and setting props. The face of the ore for 
the length of the stope is then mined beck to the opposite wall, as 
shown at h. The oro is dumped into the cliutes (i, drawn from 
tliem into cars on the main levels c, and hauled by mules to the 
surfbce or to the hoisting-shaft. 

When the vein is 12 ft. or less in thickness, so that a single prop 
will reach from wall to wall, the method is somewhat modified. 
A stope drift is driven a short distance above the main level, 
jKirallel with it, and connectel wdth it by chutes at intervals of 
alx)ut 50 ft. The ore is then stoped from this drift to the next 
upper main level, props being placed from wall to wall. These 
props are eventually shot down, and the waste material is caught 
by a horizontal floor, wliicli will serve as a roof for the next lower 
stope, as Ixsforc. In this way the timber for a huniber of floors is 
saved, but the modification is only of advantage when the vein is 
narrow enough to permit a single prop to reach from wall to wall, 
and where, moreover, the hanging wall is fairly good. In this way 
all the ore is mined, no filling is required, and the work is com- 
paratively safe. In some instances, means must l>e taken to 
exclude surface water from the briiaks which run up to daylight 
when the country rock sinks to fill cavities. 

(i) Strippinff . — This term is applied to what is really simple 
quarrying adapted to the exploitation of a vein. It has been 
rendered possible by modern improvements in mining machinery 
and appliances, which allow of much more complete preliminary 
determination of the quality and extent of underground deposits, 
and much less costly blasting operations. Tht; advantages of 
stripping are that the work is conducted in the open day, and that 
there is less risk of unreniunerative dead work on the one hand and 
of overlooking ore on the other. 

At tlie Peters mine, Ringwnod, New Jersey, where the limit . of 
profitable mining by the old method has been reached, it is 
intended to remove the ore fioors and pillars by stripping. While 
the vein stands nearly vertical, the ore shoots overlie each other 
at an angle of 35^ and s(»me 10-30 ft. apart. It is proposed to take 
advantage of this, and pih^ up the waste on the end wall of the 
lowest shoot as rapidly as tlie wall is unc/>vered by removal of ore, 
This back filling will maUe the mine safer, and will save much 
excavation by allowing the slopes to be considerably steeper than 
if the pit were to be left t»pen permanently. 

At the Bertha zinc mines, in Virginia, zinc carbonates are found 
to tbe extent of about 8000 tons per acre, underlying some 80 ft. of 
eartli, so that 30 cub. yd. of earth have to be removed for every ton 
of ore mined. 

In the case of the Dannemora mine, Sweden, stripping has been 
successfully carried to a deptli of about 500 ft., and at the Fahlun 
copper mines to even greater depths. 
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(a) LongwalL — The “lonp^wall” method, which closely resembles 
the overhead system already described, is applicabh^ to nearly 
horizontal thin beds which furnish sufficient waste for filling. Tlie 
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Longwall and Pillar and Stall Working. 

main tunnel Figs. 52, 53, is built high enough to accommodate 
the trucks for transporting the mineral to the hoisting shaft b, 
and is run at the lowest part of the bed so as to form a natural 
drainage for the mine water. From it drifts are run into the 
mineral, either diagonally as at c, or transversely as at d, and 
connected by parallel levels e. The direction of the drifts is 
governed by the rate of dip of the bed, the object being to secure a 
suitable incline for the trucks which carry out the mineral. The 
workings are connected all round by cross-cuts ns at /, to complete 
the circulation of air for ventilation. 

ib) Fillar and Stall . — This system is adopted where the beds are 
thicker and do not aftbrd sufficient waste for filling, so that pillars 
of mineral have to be left standing as a support for the roof. The 
main tunnel a, Figs. 54, 55, is run as before from the shaft 6, and 
from it are run drifts c at intervals, and crossing these again, levels 
d parallel with a, and occasionally diagonal drifts e. The bed is 
thus divided into regular blocks, portions of which, varying in size, 
are left to form the pillars that support the roof, these being finally 
withdrawn as far as safety will allow. 
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In seams having a rate of dip of 40-60° it is the custom to drivt* 
the stalls square off from the gangway, up the “ rise ” of the seam, 
and have the coal to run down the shute into the tram at the 
bottom of it; with this rate of dip the shute does not require 
planking at the side or bottom to make the coal run, and by 
keeping the shute full, except 3-4 ft. working room at the breast, 
there is very little coal lost by pulverising in its descent down tlie 
shute, os by that method it descends by slow settling in proportion 
as it is allowed to run into the trams at the bottom. 

In s(iams of 30-40° rate of dip, the miners are compelled to 
plank the sides of the shute to some extent, in order to enable 
the coal to slide down without assistance. In seams of 25-30° the 
coal will not descend in the shute unless the sidts are partly 
planked, and tlie bottom covered with sheet iron. In working 
scams having a dip of 10° or under, the stalls are driven diagonally 
to the direction of the gangway, unless the rate of dip is less 
than 4°. 

The trams or mine cars used in Europe are, in nearly every case, 
smaller than the American ; the reason for making them so, in 
most cases, is an effort to reduce the enormous first cost of the deep 
shafts, by having a small shaft area, thus leaving but a small space 
for the mine cars or cages and pumpway ; the small mine oars also 
suit the large number of boys employed in European mines. 
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COAL SEAMS. 


Calculating Contents. 

A rough and ready way of calculating tho available contents of 
coal in a given area of seam is to take a basis of 1 acre 1 in. thick 
= 100 tons. A more correct way is to ascertain the sp. gr. and 
multiply by that. In round figures, the sp. gr. taken to two places 
of decimals will rcjiresont the weight of 1 acre 1 in. thick if the 
decimal point be struck out; thus sp. gr. 1*10 = about 110 tons 
per acre 1 in. thick. 


Table IBl.— Coa/ Seams, Sp. gr. ; w^eight per acre, per cub. ft., 
per cub, yd., and per cub. ft. when broken. 


i 

Sp. gr. 

1 

Natural Weight ' 
per acire 1 In. 

Natural Weight ! 
per cub. ft. 

1 

1 

Natural W eight 
per cub. yd. 

Broken Weight 
per cub. ft. 



1 I 


Large, i 

Small. 


tons 

lb. 

tons 

lb. 

lb. 

MO 

111* 

■ 684 

•829 

424 

37 

M5 

1164 

72 

•867 

444 

384 

1-20 

1214 

75 

•904 

404 

404 

1*25 

1264 

78 

•941 

484 

42 

1*30 

1314 

814 

•978 

60‘ 

1 434 

1*36 

1364 

844 

1*016 


1 454 

1*40 

1414 

874 

1-054 

644 

474 

1*46 

1464 

904 

1 1-091 

56 

49 

1*60 

152 

934 

I 1*129 

58 

504 

1*65 

1561 

964 

1-167 

60 

524 

1*60 

162 

100 

1*200 

62 

54 


Coal Heaps . — To estimate contents of coal heaps, measure the 
cubic space occupied and multiply the result, stated in cub. yd., 
by 6 ; the product = contents in tons. 
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Table 132 . — Weight of Coal under 1 acre of land^ at 19 cwt. per cub. 
yd., or 78J lb. per cub. ft., approximate, and assuming seam to 
be level. 


ft. 

in. 

tons. ! 

ft. 

in. 

tons. 1 

ft. 

in. 

t<JTlS. 

u 

1 

127 i 

3 

5 

5,212 

6 

9 

10,260 

0 

2 

254 1 

381 ! 

3 

6 

5,346 ' 

6 

10 

10,. 390 

(i 

3 

3 

7 

6,468 

G 

11 

10,520 

0 

4 

508 i 

3 

8 

5,590 1 

7 

0 

10,650 

0 

5 

635 ; 

.3 

9 

5,724 

7 

1 

10,780 

0 

G 

762 1 

3 

10 

5,852 i 

7 

2 

10,910 

u 

7 

H89 1 

3 

11 

5,980 

7 

3 

11,040 

0 

8 

1,016 

4 

0 

6,096 

7 

4 

11,170 

0 

9 

1,143 

4 

1 

6,121 

7 

6 

11,300 

0 

10 

1,270 1 

4 

2 

6,252 

7 

6 

11,430 

0 

11 

1,397 

4 

3 

6,380 

7 

7 

11,. 560 

1 

0 

1,524 

4 

4 

6,508 1 

7 

8 

11,690 

1 

1 

1,651 

4 

5 

6,636 1 

7 

9 

11,820 

1 

2 

1,778 

4 

6 

6,764 ! 

7 

10 

11,950 

1 

3 

1,905 

4 

7 

6,892 

7 

11 

12,080 

1 

4 

2,032 

4 

8 

7,020 ' 

8 

0 

12,210 

1 

5 

2,159 

4 

9 

7,148 

8 

1 

12,340 

1 

6 

2,296 

2,417 

4 

10 

7,276 


2 

12,470 

1 

7 

4 

11 

7,404 

8 

3 

12,600 

1 

8 

2,534 

5 

0 

7,532 


4 

12,730 

1 

9 

2,661 ; 

5 

1 

7.660 

8 

5 

12,860 

1 

10 

2,790 

5 

2 

7,788 ! 

1 8 

6 

12,990 

1 

11 

2,917 

5 

3 

7,916 1 

8 

7 

13,120 

2 

0 

3,048 

5 

4 

8,046 i 

8 

8 

13,2.50 

2 

1 

3,176 

5 

.5 

8,180 

8 

9 

13,. 380 

2 

2 

3,304 

5 

6 

8,310 

o 

;| ® 

10 

13,510 

2 

3 

3,432 

5 

7 

8,440 ! 

11 

13,640 

2 

4 

3.560 

5 

8 

8,570 ' 


0 

13,770 

2 

5 

3,687 

5 

9 

8,700 i 

I ‘•J 

1 

13,900 

2 

6 

3,81.5 

5 

10 

8,830 * 


2 

14,030 

2 

7 

3,943 

! 5 

11 

8,960 

1 “ 

3 

14,160 

2 

8 

4,070 1 

1 6 

0 

9,090 

4 

14,290 

2 

9 

4,198 i 

1 6 

1 

9,220 

;! 9 

5 

14,420 

2 

10 

4,326 1 

i ® 

2 

9,360 

: 9 

6 

14,5.50 

2 

11 

4,454 i 

4,576 1 

! 6 

3 

9,480 

9 

7 

14,680 

3 

0 

1 6 

4 

9,010 

9,740 

9 

8 

14,810 

3 

1 

4,700 

1 6 

5 

ii 9 

9 

14,940 

3 

2 

4,828 

1 6 

6 

9,870 

i! 9 

10 

15,070 

3 

3 

4,956 

I 6 

7 

1 10,000 

‘i 9 

11 

15,200 

3 

4 

5,084 

! 6 

8 

I 10,130 

ii 

0 

16,330 




m 


Coal Seams. 


Tuble 133 . — Area of Coal Seam when inclined. 


Amount of Dip. 

i 

Coal Contents. 

Amount of Dip. 

Coal Contents. 

1 in 

deg. 

in. per yd. 

sq. yd. per acre. 

1 in 

deg. 

jin. per yd 

' sq. yd. tKT acre. 


1 1 

i 

i 4,841 

1*66 

31 

1 214 

5,6464 


i 

li 

i 4,843 

1*60 

32 

1 5224 

6,7074 

10 


n 

1 4,8464 

1*54 

33 

234 

6,771 


1 4 


i 4,862 

1*48 

i 

1 244 

6,838 

m 

i 

3 

! 4,85«| 

1-42 

1 35 

264 

5,9084 

n 

6 


4,8664 

1*37 

1 36 

26 

5,9824 

h 

7 

H 

4,876 

1*32 

37 

1 27 

6,0604 

7 

8 

6 

4,8874 

1*28 

38 

i 28 

6,142 

H 

9 


4,900 

1*23 

39 

29 

6,228 

5i 

10 

H 

4,9144 

1-19 

40 

304 

6,3184 

5 

n 

7 

4,9304 

1*16 

41 

31 i 

6,413 

•n 

12 

n 

4,948 

1*11 

42 

324 

6,513 


13 


4,967 

]t7 

43 

33J 

6,618 

4 

14 

9 

4,988 

1*03 

44 

344 

6,7284 

3| 

16 


6,011 

1-00 

46 

36 

C.H444 

3.f 

16 

m 

6,035 

•96 

46 

374 

6,9674 

17 

n 

6,061 

•93 

47 

384 

7, 0961 

3, '5 

18 

111 

6,089 

•90 

48 

40 

7,2334 

2*00 

19 

121 

6,119 

•87 

49 

414 

1 7,3774 

2’74 

20 

13 

5,151 

•84 

60 

43 

i 7,5294 

2-60 

21 

13f I 

6,184 

•81 

61 

444 

7,691 

2’47 

22 

144 1 

6,220 

•77 

62 

46 

7,8614 

2-35 

23 

1B4 

5,258 1 

•73 

53 

47| 

1 8,040 

2*24 

24 

16 

6,298 

•70 

54 

494 

8,2174 

2-14 

25 

16| 

5,340 

•67 

65 

6I4 

8, 4191 

2*1.5 

26 

ni 

6,385 

•65 

56 


8,6394 

l*9G 

27 

IH 

5,432 

•63 

67 

65i 

8,873 

rH8 

28 

19 

6,4814 

•62 

68 

674 

9,139 

1*80 

29 

20 

6,534 

•60 

69 

60 

9,430 

1*73 

30 

20^ 

6,689 

.58 

60 

624 

9,759 


The cubic contents in yd. may be deduced from this table by 
multiplying the figure in the fourth column by the thickness in 
yd. or fractions of a yd. 

£x. 1. A seam 1 ft. 6 in. thick lying at an inclination of 16f in. 
per yd. will contain 5340 sq. yd. x 'S yd. = 2670 cub. yd. 

Ex. 2. A seam 1 fathom tliick lying at 39° will contain 6228 sq. 
yd. X 2 yd. = 12456 cub. yd. 
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MINERALS. 

Hardness. (Dana.) 

The comparative hardness of minerals is easily ascertained, and 
should be the first character attended to by tlie student in examin- 
ing a specimen. It is onl}’^ necessary to draw a file across the 
specimen, or to make trials of scratching one with another. As 
standards of comparison the following minerals have been s(dected, 
increasing gradually in hardness from talc, which is very soft and 
easily cut with a knife, to the diamond. This table, called the 
scale of hardness, is as follows : — 

1, talc, common foliated variety ; 2, rock salt ; 3, calcite, trans- 
parent variety ,* 4, fluorite, crystallised variety ; .5, apatite, trans- 
parent crystal ; fi, orthoclase, cleavable variety ; 7, quartz, 

transparent variety ; 8, topaz, transparent crystal ; 9, sapidiire, 
cleavable variety ; 10, diamond. 

If, on drawing a file across a mineral, it is impressed as easily as 
fluorite, the hardness is said to be 4; if as easily as orthoclase, the 
hardness is said to be G ; if more easily thnn orthoclase, but with 
more ditti(;ulty than apatite, its hardness is described ns .OJ or 5*5. 

The file should be run across the mineral three or four times, and 
care should be taken to make the trial on angles equally blunt, and on 
parts of the specimen not altered by exposure. Trials should also 
be made by scratching the specimen under examimition with the 
minerals in tin; above scale, since sometimes, owing to a loose 
aggrcigation of partieh^s, the file wears down the specimen rapidly, 
although the particles are very hard. 

In crystals the hardness is sometimes appreciably different in 
degree in the direction of different axes. In crystals of mica the 
hardness is less on the basal plane of the ])riHm, that is, on the 
cleavage surface, than it is on the sides of the prism. On the con- 
trary, the termination of a crystal of cyanite is harder than the 
lateral planes. The degree of hardness in ditterent directions may 
be obtained with great accuracy by means of an instrument called 
a sclcrometer. 


Tenacity. (Dana.) 

The following rather indefinite terras are used with reference to 
the qualities of tenacity, malleability, and flexibility in minerals : — 
1. Brittle , — When a mineral breaks easily, or when parts of the 
mineral separate in powder on attempting to cut it. 
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Tenacity — contimied. 

2. Malleahlc , — Whon slices may be cut off, and those slices will 
flatten out under the hammc^r, as in native gold, silvcir, copper. 

3. Sectilc , — When tliin slices may 1:»e cut off with a knife. All 
malleable minerals are sectile. Argentito and cerargyrite are 
examples of sectilo ores of silver. The former cuts miarly like 
lead, and tlie latter nearly like wax, which it resembles. Minerals are 
imperfectly sectile when the pieces cut off pulverise easily under a 
hammer, or barely hold together, as selenite. 

4. Flexible . — When the mineral will bend, and remain bent after 
the bending force is removed. Kxamjdc, talc. 

5. Elastic. — When, after being beiit, it will spring back to its 
original position. Example, mica. 

A liquid is said to be viscous when on pouring it the drops 
lengthen and appear ropy. 


Diaphaneity. (Dana.) 

Diaplianelty is the pro])erty which many objects possess of trans- 
mitting light; or, in other words, of permitting more or less light 
to pass througli them. This property is often called transj^arency, 
but transparerjcy is properly one of the degrees of diaphamdty. 
The following terms are used to express the diflerent degrees of this 
property 

Transparent — when the outlines of objects, viewed through the 
mineral, are distinct. Example, glass, crystals of quartz. 

Subtmnsparentj or semitransparent — when objects are scon but 
their outlines are indistinct. 

Tra?islucent — when light is transmitted, but objc'cts are not seen. 
Loaf-sugar is a good example ; also Carrara marble. 

Suhtranslnceut — when merely the edges transmit light faintly. 

When no light is transmitted the mineral is tlescrihed as opaque. 


Lustke. (Dana.) 

The lustre of minerals depends on the nature of their surfaces, 
which causes more or less light to be reflected. There are different 
degrees of intenbity of lustre, and also different kinds of lustre. 

a. The kinds of lustre are six, and are named from some familiar 
object or class of objects. 

1. Metallic — the usual lustre of metals. Imperfect metallic lustre 
is expressed by the term submetallic. 

2. Vitreous — ^the lustre of broken glass. An imperfect vitreous 
lustre is termed subvitreous. Both the vitreous and subvitreous 
lustres are common. Quartz possesses the former in an eminent 
degree; caloite often the latter. This kind of lustre may be 
exhibited by minerals of any coloulr. 
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con tin uecl. 

3. Resinous — lustre of the yellow resins. Example, some opal, 
zinc blende. 

4. Pearly — like pearl. Example, laic, native magnesia, stilbite, 
&c. When united with siibmetallic lustre the term rnctallic-pearly 
is applied. 

5. Greasy — looking as if smeared with oil. Example, clceolite, 
some quartz. 

b. *SV/%— like silk ; it is the result of a fibrous structure. Ex- 
ample, fibrous c.alcite, fibnms gypsum, and many fibrous minerals, 
more especially those which in otlier forms have a pearly lustre. 

7. Aihwianthie — the lustre of the diamond. When sub-metallic, 
it is tennefl metallic adamantine. Examine, some varieties of white 
lead-ore or c(‘rus8ite. 

6. The degrees of intensity are denominated as follows : — 

1. Spltndcnt—'when the surface reflects light witli great brilliancy 
and gives well-defined images. Example, crystals of hematite, 
cassiterite, some apecimens of quariz and pyrite. 

2. S/rininy — when an image is produced, but not a well-defined 
image. Example, culcite, celestite. 

3. Glisicuiny — when there is a gcmeral refit ction from the sur- 
face, but no image. Example, talc. 

4. Glhmuring—'^heu the refiectioti is very imperfect, and appa- 
rently from p(»ints scattered over the surface. Example, flint, 
chalcedony. 

A mineral is said to bo dull when there is a total absence of 
lustre. Example, clialk. 


Colour. (Dana.) 

1. Kinds of Colour , — In dibtinguishing minerals, both the external 
colour and the colour of a surface that has been rubbed or scratched, 
are observ( d. The latter is called the streak, and the powder 
abradtid, the streak-powder. 

The colours arc (dther im^tallic or unmetallic. 

The metallic are nara(;d after some familiar metal, as copper-red, 
bronze- yellow, brass-yellow, gold-yellow, steel-grey, lead -grey, iron- 
grey. 

The unmetallic colours used in characterising minerals are various 
shades of white, giey, black, blue, green, yellow, red, and brown. 

There are thus snow-white, reddish-white, greenish-white, milk- 
white, yellowish-white. 

Bluish-grey, smoke-grey, greenish-grey, pearl-grey, ash-grey. 

Velvet-black, greenish-black, bluish-black, greyish-black. 

Azure-blue, violet-blue, sky-blue, indigo-blue. 

Emerald -green, olive-green, oil-green, grass-green, apple-green, 
blackish-green, pistachio-green (yellowish). 
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Co/owr— continued. 

Sulphur-yellow* straw-yellow, wax-yellow, ochre-yellow, honey- 
yellow, orange-yellow. 

Scarlet-red, blood-red, flesh-red, brick -red, hyacinth-red, rose-red, 
oherry-rcd. 

Hair-brown, reddish-brown, chestnut-brown, yellowish-brown, 
pinchbeck-brown, wood-brown. 

A play of colours. — This expression is used when several pris- 
matic colours appear in rapid succession on turning the mineral. 
The diamond is a striking example,* also precious opal. 

Change of colours — when the colours change slowly on turning in 
different positions, as in labradorite. 

-when tliere is a milky or pearly reflection from the 
interior of a specimen, as in some opals, and in cat’s-oye. 

Iridescence — when prismatic colours are seen within a crystal ; it 
is the effect of fracture, and is common in quartz. 

7’amisA— when the surface colours differ from the interior; it is 
the result of exi)osure. The tarnish is described as irised when it 
has the hues of tlie rainbow. 

3. Aster ism . — Some crystals, e8i>ecially the hexagonal, when 
viewed in the direction of tlio vertical axis, present peculiar re- 
flections in six radial directions. This arises either from peculiari- 
ties of texture along the axial portions, or from some impurities. 
A remarkable example of it is that of the asteriated sapphire, and 
the quality adds much to its value as a gem. The six rays are 
sometimes alternately shorter, indicating the rhombohcdral cha- 
racter of the crystal. 

4, l^lmphorescence . — S('vcral minerals give out liglit eitlier by 
friction or wiion gcmtly heated. This property of emitting light is 
called phosphorescence. 

Two pieces of wliite sugar struck against one another give a 
feeble light, which may be seen in a dark place. The same eflect 
is obtained on striking tog<;ther fragmemts of quartz; and even the 
passing of a feather rapidly over some specimens of zinc-blende is 
sufficient to elicit light. 

Fluorite is the. most convenient mineral for showing phosphores- 
cence by heat. On powdering it and throwing it on a plate of 
metal heated nearly to redness, the whole takes a bright glow. 
In some varieties the light is emerald-green ; in others, purple, 
rose, and orange. A massive fluor, from Huntington, Connecticut, 
shows beautifully the emerald-green phosphorescjonce. Some 
kinds of white marble, treated in the same way, give out a bright- 
yellow light. After being heated for a while the mineral loses its 
phosphorescence ; but a few electric shucks will, in many cases, to 
some degree restore it again. 
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Electricity and Magnetism. (Dana.) 

Electricity. — Many minerals become electrified on being rubbed, 
so that they will attract cotton and other light substances ; and 
when electrified, some exhibit iKisitive and others negative electri- 
city when brought near a delicately suspended magnetic needle. 
The diamond, whether polished or not, always exhibits positive 
electricity, while other gems become negatively electric in the 
rough state, and positively only in the polished state. Some 
minerals, thus ehjctiified, retain the power of electric attraction for 
many hours, ns topaz, while others lose it in a few minutes. 

Many minerals become electric when heated, and such species 
are said to he pyroeh'ctric, from the (Ireek put\ fire, and electric. 

A prism of tourmuline, on being heated, becomes polar, opposite 
electricity being developed in the extremiticis by the heat. The 
prisms (»f tourmaline have difierent secondary planes at the two 
extremiti(*.8. 

Several other minerals have this pecidiar electric property, 
especially boracitc and topaz, which, likt; tourmaline, are hemi- 
hedral in their modification. Boracite crystallises in cubes, with 
only the alternatci solid angles similarly n placod. Each solid 
angle, on heating the crystals, become an electric polo ; the angles 
diagomilly opjiosite are diflfercntly modified, and have opposite 
polaiity. Pyroelectricity has been observed also in crystals that 
are not hemiliedral, and in many mineral species. In some cases 
the number of poles is more than two. In prebnite crystals a large 
series occur distributed over the surface. 

Magnetism. — 'I’lie name lodestone is given to those specimens of 
an ore of iron called magnetite which have the powiT of attraction 
like a magnet ; it is common in many beds of magnetite. When 
mounted like a horseshoe-magnet, a good lodestone will lift a 
weight of many pounds. This is the only mineral that })ns decided 
magnetic attraction. But sevc^ral ores containing iron are attracted 
by the magnet, or, when brought near the magnetic needle, 
will cause it to vibrate; and moreover, the metals nickel, cobalt, 
manganese, palladium, platinum, and osmium, have been found to 
be sligljtly magnetic. 

Many iroji-bearing minerals become aitractablo by the magnet 
after being lieated that are not so btdbre heating. Tliis arises from 
a change of part or all of the iron to the magnetic oxide. 


Flavour and Odour. (Dana.) 

Flavour belongs only to the soluble minerals. The kinds are — 

1 . Astringent — that of vitriol. 

2. Sweetish^astringent — that of alum. 
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Flavour and Odour — continued. 

3. Saline — tliat of common salt. 

4. Alkaline — that of soda. 

5. Co()iin<j—i\\iit of saltpetre. 

G. Bitter -~i\\oX of Epsom salts. 

7. -S'owr— that of sulpliuric acid. 

Odour is not given off by minerals in the dry, unchanged state, 
except in the case of a hiW gases and soluble minerals. By fric- 
tion, moistening with the breath, the action of acids, and the 
blowpij)e, odours are sometimes obtained which are thus desig- 
nated : — 

1. Allianoonsi — the odour of garlic. It is the odour of burning 
arsenic, and is obtained by friction, and more distinctly by means 
of the blowpipe, from several arsenical ores. 

2. Horse-radish odour — the odour of decaying horse-radish. It is 
the odour of burning selenium, and is strongly perceived when 
ores of this metal are lieated before the blowpijKj. 

3. Sulphureous — odour of burning sulphur. Friction will elicit 
this odour from pyrites, and heat from many sulphides. 

4. Fetid — the odour of rotten eggs or sulphuretted hydrogen. 
It is elicited by friction from some varieties of quartz and lime- 
stone. 

5. Argillaceous — the odour of moistened clay. It is given off by 
serpentine and some allied mincnils when breathed upon. Others, 
as pyrargillite, afford it when heated. 


Crystalline Aggregates. (Dana.) 

The crystalline aggregates here included are the simple, not the 
mixed ; that is, they are those consisting of crystalline individuals 
of a single sf)ecies. 

The crystalline individuals may be (1) distinct crystals; (2) 
fibres or columns ; (3) scales or lamellce ; or (4) grains, either 
cleavable or not so. 

1. Consisting of distinct crystals. — The distinct crystal may be 
either long or short prismatic, stout or slender to acicular (needle- 
like), and capillary (hair-like); or they may have any other forms 
of crystals. They may be aggregated (a) in lines ; (6) promis- 
cuously with open spaces; (c) over broad surfaces; (d) about 
centres. The various kinds of aggregates thus made are : — 

a. Filiform. — Thread-like lines of crystals, the crystals often not 
well defined. 

h. Dendritic. — Arborescent slender spreading branches, somewhat 
plant-like, made up of n>ore or less distinct crystals, as in the frost 
on windows, and in arborescent forms of native copper, silver, 
gold, &c. 
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Crystalline Aggregates —continued. 

c. Reticulated. — Slender prismatic crystals promiscuously cross- 
ing, with open spaciugs. 

d. Divergent. — Free crystals radiating from a ccmtral point. 

e. Drusy. — A surface is drusy when covered with implanted 
crystals of small size. 

2. Consisting of columnar individuals. 

а. Columnar^ when the columnar individuals are stout. 

б. Fibn/us, when they arc slender. 

c\ Farallel fibres, when tlie fibres are parallel. 

d. Radiated, when the columns or fibres radiatcj from centres. 

e. Stellated, when the radiations from a centre art? equal around, 
so as to make star-like or circularly-railiatod groups. 

/. Globular, when the radiated individuals make globular or 
hemispherical forms, as in wavellite. 

g. Botrijoidal, W’hen the globular forms are in groups, a little like 
a buncii of grapes. Tlie word is from the Greek for a bunch of 
grapes. 

h. Mammillary, having a surface made up of low and broad promi- 
nences. d'he term is from the Latin mammilla, a little teat. 

i. Coralloidal, when in open-spaced groupings of slender stems, 
looking like a delicate coral. A result of successive additions at the 
extremity of a prominence, lengthening it into cylinders, the stems 
generally having a faintly radiated structure. 

Specimens of all these varieties of columnar structure, excepting 
the last, often having a drusy surface, the fibres or columns ending 
in projecting cz*ystals. 

fi. Consisting of scales or lamcllse, 

a. Plumose, having a divergent arrangement of scales, as seen on 
a surface of fracture ; plumose mica. 

h. Lamellar, tabular, consisting of flat lamellar crystalline indi- 
viduals, superimposed and adhering. 

c. Micaceous, having a thin fissile character, due to the aggrega- 
tion of scales of a mint^ral which, like mica, has eminent cleavage. 

d. Septate, consisting of ojzonly-spaced intersecting tabular indi- 
viduals ; also divided into polygonal portions by reticulating veins 
or plates. A septarium is a concretion, usually flattened spheroidal 
in shape, the solid interior of which is interset!te<l by partitions ; 
these partitions arc the fillings of cracks in the interior that were 
due to contraction on drying. Such septate concretions, especially 
when worn off at surface, often have the appearance of a turtle’s 
back, and are sometimes taken for petrified turtles. 

4. Consisting of Grains, Granular structure, — A massive mineral 
may be coarsely granular or finely granular, as in varieties of 
marble, granular quartz, &c. It is termed saccharoidal when 
evenly granular, like loaf-sugar. It may also be cry pto< crystalline, 
that is, having no distinct grains that can be detected by the 
unaided eye, as in flint. The term cryptocrystalline is from the 
Greek for concealed crystalline. Aphanitic, from the Greek for 
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Crystalline Aggregates — continued. 

invisible, has the same signification. The term ceroid is applied 
when this texture is connected with a waxy lustre, as in some 
common opal. 

Under this section occur also globular, botryoidal, and mammillary 
forms, as a result of concretionary action in which no distinct 
columnar interior structure is produced. They are called pisolitic 
when in masses consisting of grains as large as peas (from the 
Latin pisum, a pea), and oolitic when the grains are not larger 
than the roe of a fish, from the Greek for egg. 

5. Forms depending on mode of deposition. — Besides the above, 
there are the following varieties which have come from mode of 
deposition : — 

a. Stalactitic,heLvmg the form of a cylinder, or cone, hanging from 
the roofs of cavities or caves. The term stalactite is usually 
restricted to the cylinders of calcium carbonate hanging from the 
roofs of caverns; but other minerals are said to have a stalactitio 
form when resembling these in their general shape and origin. 
Chalcedony and limonite are often stalactitio. Interiorly the 
structure may be either granular, radiately fibrous, or concentric. 

The waters percolating through tlie roofs of limestone caverns 
hold some limestone in solution ; and the deposit which each succes- 
sive drop of water makes, lengthens out the cylinder; and not 
unfrequently they become yards in length, or reach from roof to 
floor. The stalactites arc sometimes hollow cylinders when small, 
because the drops, which follow one another very slowly, evaporate 
chiefly at the) outer margin of each, the first one thus making a ring, 
and the following lengthening the ring into the cylinder. The 
solution is strictly a solution of calcium bicarbonate ; as evaiwjration 
takes places the excciss of carbonic acid goes off and calcium car- 
bonate is deposited. 

b. Concentric. — When consisting of lamellee, lapping one over 
another around a centre, a result of successive concretionary aggre- 
gations, as in many concretionary forms, most pisolite, part of 
oolite, some stalactites, &c. 

c. Stratified^ consisting of layers, as a result of deposition : c. g. 
some travertine, or tufa. 

d. Banded^ straticulate ; colour-stratified. Like stratified in 
origin, but the layers thin and usually indicated only by variations 
in colour or texture ; the handing is shown in a transverse section : 

e. g., agate, much stalagmite, riband jasper, some limestone; it 
becomes lamellar or slaty when the little layers are separable. 

Geodes. — When a cavity has been lined by the deposition of 
mineral matter, but not wholly filled, the enclosing mineral is 
called a geode. The mineral is often bunded, owing to the suces- 
sive depositions of the material, and frequently has its inner surface 
set with crystals. Agates are often slices or fragments of 
geodes. 

6. Fracture, — Kinds of fracture in these crystalline aggregates 
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Crystalline Aggregates-— ccmtinned. 

depend on the size and form of the particles, their cohesion, and to 
some (jxtent their having cleavage or not. 

Among granular varieties, the influence of cleavage is in all cases 
very small, and in the finest almost or quite nothing. The term 
“ hackly ” is used for the surface of fracture of a metal, when the 
grains arc coarse, hard, and cleavable, so as to be sharp and jagged 
to the touch ; even, for any surface of fracture when it is nearly or 
quite flat, or not at all conchoidal; cunchoidal, when the mineral, 
owing to its (‘xtremely fimi or eryptocrystalline texture, breaks with 
shallow concavities and coTiV(?xities over the surface, as in the case 
of flint. The word conchoidal is from the Latin concha^ a shell. 
These kinds of fracture are not of great irnportance in mineralogy, 
since they distinguish varieties of minerals only, and not species. 


Fusibility. (Foye.) 

1. Stibnite (grey antimony). Fusible in coarse splinters in the 
summit of a candle-flame without the blow-pipe. 

2. Natrolito. Fusible in fine splinters in the summit of a candle- 
flame without the blow-pipe, 

3. Almanditc (iron-aluinina-garnet). Does not fuse in the candle- 
flame. I\ises easily before the blow-pi]>e in obtuse pieces. 

4. Green Actiuolite. Fusible before the blow-pipe in coarse 
splinters. 

.5. Orthoclase. Fusible before the blow-pipe in fine splinters. 

6. Bronzite. Before the blow-pipe, becomes rounded only on the 
sharp edges. 
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Table 


Name. 

H. 

'Fmacity. 

Diiiphamity. 

Lustre. 

Colour. 

Diamond 

10 


TransparenL 

lo 

trunslucc'ut. 

Adamantine 

White to 
shades of 
yellow, 
orange, 
red, blue, 
green, 
brown, 
black. 

Emerald 

7i-ft 

Brittle 

Transparent 

to 

suhtninslucerit 

Vitreous to 
resinous. 

Rich green 

Lapis lasculi 

5^ 


Transparent 
to opaque. 

Vitreous 

Rich blue 

Opal 

i 

1 

i 

1 

1 

•• 

Ricli play of 
colours when 
turned. 

Waxy to 
sub-vitreous. 

White, 

I grey, 
yellow, 
brown, 
red, green, 
blue. 

Sapphire .. 

i 

9 

! ’ 

1 

Very tough 

1 

Transparent 

to 

translucent. 

“ 

Blue as a 
rule. 

Topaz .. .. .. .. 

8 

•• 

Transparent 

to 

suhtrunsluccnt 

Vitreous 

Pale 

yellow. 

Turquoise ! 

6 



Waxy 

1 

Bluish 

green. 
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Electricity 

and 

Miignctism. 

Structure. 

Sp.gr. 

B.B. 

Solubility. 

Composition. 

Application. 


Vitreous 

electric 

when 

rubbed. 

Crystalline, 

isometric. 

3*00- 

3*65 

Bums away 
as carbonic 
acid gas. 

Insoluble 

Pure carbon 

Jewelry, 
cutting and 
drilling. 


- 

Crystalline, 

hexagonal. 

2-67- 

2*75 

Clouded, but 
not fused. 

Insoluble 

Silica C2 

Alumina 19 
Beryllium ) , ^ 
oxide j'® 

Jewelry, 



Massive, 
rarely crys- 
talline (iso- 
metric). 

2*3- 

2*6 

IFnsos to 
white glass. 

When 7)Ow- 
dered and 
calcined 
loscscolour 
in acids. 

Silica 45 

Alumina 32 
[ Soda 9 

Lime 3 

Iron 1 

Sulphuric ) » 
acid / ® 

Sulphur 1 

Jewelry, 
Oriiami nts,. 
Mosaics. 



Compact, 

amorphous. 

1*9- 
2 3 

• t 

In strong 
alkaline 
Bolutium 

Silica 

Jewelry. 


•• 

Crystalline, 

rhonibo- 

hedral. 

3- 94- 

4- 16 

Unaltered 
both alone 
and with 
soda. 

•• 

Aluminium 53 
Oxygen 47 

Jewelry. 


Pyro-clectric 

Crystalline, 

ortho- 

rhombic. 

3*4- 

3*65 

Infusible 

Insoluble 
in acids. 

Alumina 57 
Silica 34 

Fluorine 15 

Jewelr3\ 

i 


Massive . , 

2*6- 

2-8 

Infusible, 

becomes 

brown, 

colours 

flame 

green. 

In hydro- 
chloric 
acid. 

Phosphorus 224 
Alumina 47 
Water 204 

Jewelry. 
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Niimf*. 

IL 

Tenacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

AurMINTlTM — 

A Inni shale . . 
Alunistone . . 

\ 


T^an^pa^eIlt 

to 

translucent. 

Vitreous 
to pearly. 

White to 
reddish. 



(’onmdura .. 

Cryolite 

9 

•• 

Exceeding- 
ly tough. 

'Transparent 

to 

translucent. 

Translucent 


Blue to 
black. 

Wliite 

'* 


Kmeiy .. 

Antimoni* , . 

9 

3-3^ 

Exceeding- 
ly tough. 

Brittle 

Transparent 

to 

translucent. 

•• 

Black 

White 

White 


Stlbnit« 

2 

Brittle 

•• 

Shining 

1 

Grey 

Grey, 

tarnishes 

•• 

lUlUUM — 

Harytes 

2i-3i 

1 

'Transparent 

to 

translucent. 

Vitreous 
to pearly. 

White 

•• 

•• 

Witliorite 

3i 

Brittle 

Transparent 

to 

translucent. 

Resinous 

Dirty 
w hite. 

1 

* * 

1 

IhsiK^TH.. .. 

j2-2ij 

Brittle 

i 


White 

White 


CmtosfiuM— 

Chromite 

j 

r,j 1 

i 

1 

1 

> ' 

j 

i 

1 

i 

1 

” 

I 

1 

; Submetallic 

[ 

Brown- 

Irii 

black. 

Dark 

brown. 

Magne 
in sma 
fragme: 
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135 


1 Flavoar 
and 

1 Odour. 

I structure. 

i 

Sp. gr. 

B.B. 

Efferv- 

escence. 

Solubility. 

Composition. 

Application. 

•• 

Massive and 
crystalline 
(riiombo- 
hedral). 

2*58- 

2*'r5 

Infusible, 

decrepitates. 

*• 

In sul- 
phuric acid 
complete 
without 
forming 

Jtiiy. 

Alumina 37 
Potash 11 
Sulphur- Kg 
ous oxide/** 
Water 13 

Affords Ro- 
man alum, 
much prized 
by dyers. 

* * 

Crystalline, 

rhurnbo- 

licdral. 

3*94- 

4-lG 

Unaltered 
alone or with 
soda. 

•• 

Pure alumina 

Abrasive 

purposes. 


Munoclinic 

2*9- 

3-1 

Fusible in 

candlc- 

flamc. 



Fluorine 54 
Sodium 33 

Aluminium 1 3 

Source of 
aluminium ; 
used in soda 
and glass 
making. 



3*94- 

4*16 

Unaltered 
alone or with 
Sfxla. 

• • 


Alumina con- 
taining mag- 
netic iron. 

Abrasive 

purposes. 


Crystalline, 

rbombo- 

hcdral. 

6 -G- 
6 * <5 

Fuses easily 
and vapor- 
ises. 



Contains a little 
arsenic, iron, 
and silver as 
impurities. 

Alloys and 
medicine. 

i 

Ciystalline, 

orlho- 

rhorabic. 

4-6- 

4-G2 

Fuses in can- 
dle-ilaine ; 
vaporises and 
Kives white 
sulphurous 
fumes on 
charcoal. 



Antimony 72 
Sulphur 28 

Chief source 
of antimony . 

1 

Crystalline, 

ortho- 

rhombic. 

4-3- 
4 1 

Fuses to a 
be:id and 
colours 
flame green. 

•• 

Insoluble 
in acids. 

i 

Baryta 66 
SO 3 34 

Common pig- 
ment. 

! ** 

i 

i 

1 

Crystixlline, 

ortho- 

rhombic. 

4*29- 

4-35 

Fuses to a 
bead and 
colours 
flame green ; 
also decrepi- 
tates. 

In HCl 

! 

Soluble in 
acids. 

1 

Baryta 78 
CO 2 22 

In sugar re- 
lining and 
plate-glass 
making. 

! 

Crystalline, 

rhombo- 

hedrul. 

9*7- 

9-8 

Vaporises, 
leaving a 
yellow coat- 
ing; fuses 
at 476° F. 



Arsenic, sul- 
phur, and 
tellurium as 
impurities. 

Alloys. 




Infusible 
alone ; green 
bead with 
borax. 



Chromium) ,50 
oxide r 
Iron oxide 32 

Source of 
chrome green 
and chrome 
yellow ; 
valuable 
pigments. 


X 2 
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Name. 

11. 

'I’enacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

O^BAI.T— 
f]lack oxide. 

•• 

•• 

•• 


1 

Blue- 

black. 



Bloom . . . 

l*-2 

1 

Transparent 

to 

translucent. 

Pearly 
to none. 

Red 



Glance .. . . 

61-6 

Brittle 

•* 

•• 

White 

Greyish 

•• 

Copper . . . . 

21-3 

Ductile, 

muilcable. 



Reddish 

•• 

•• 

Black . . 





Black 

Deep 

,blue. 



Blue vitriol . . 

2-21 

*• 

Sniitrans-] 
parent to 
translucent. 

Vitreous 

Unco- 

loured. 

•• 

GrUnce . . . . 

21-3 




Grey 

Grey 

- 

Grey .. .. 

Horseflesh ore 

Malachite (a) 

3-4i 

3 

3f-4 

Brittle 

Opaque 

•• 

[ 

Grey to 
blackish. 
Reddish 
brown, 
tar- 
nishrs. 
Light 
green. 

Greyish 

black, 

shining. 

Pale 

green 

« • 


Mbtailio Obus, 


309 


---continued. 


Flavour 

and 

Odour. 

Structure. 

Sp. gr. 

B.B. 

Efferv- 

escence. 

Solubility. 

Composition. 

Appllcatiol 


Earthy 




In nci. 

Cobalt oxide, 

Pigment. 






giving 

chlorine 

fumes. 

20-40 "/o 




, , 

Crystalline, 

2*95 

Fuses with 

,, 


Cobalt 

}.1S 

Pigment. 


monoclinic 


arsenical 



oxide 




fumes on 



Arsernc 

}38 





charcoal ; 



acid 





gives blue 
glass with 
borax. 



Water 

24 


,, 

Crystalline, 

6*4- 

Fuses to glo- 

. . 


234 “/o cobalt 

Pigment, 


isometric. 

7*2 

bule, emit- 



to nil. 


and affords 




ting arseni- 
cal fumes; 





nickel. 




gives metal- 
lic arsenic in 









closed tube. 






, , 


8*8- 

Fuses readily 

, , 

In nitric 

A little silver 

Many indue- 



8*95 

at 1930*^ F., 


acid, giv- 

as an impurity , trial pur- 




surface black 


ing deep 



poses both 




on cooling. 


blue with 



alone and in 






ammonia. 



allovH. 


Powder and 

.. 

. , 

, . 


Copper oxide. 

Source of the 


in masses. 





giving 60-70% 

metal. 




1 



metal. 



Nause- 

Crystalline, 

2*21 

1 

1 

1 

, . 

Co]>f)er 

J32 

Source of the 

ous 

triclinlc. 





oxide 

metal, and 

metallic 






SOcj 

32 

used in dye- 

t^ste. 


1 




Water 

36 

ing, calico 
printing, 
and as an 
antiseptic. 


Crystalline, 

.5*5- 

Fuses readi- 


In hot 

Copper 

80 

Source of the 


ortho- 

5*8 

ly, giving 


nitric acid. 

Sulphur 

20 

metal. 


rhombic. 


sulphur 
fumes leav- 
ing metallic 
globule. 








.. 

4*7-5 

. . 


, . 

Often contains 

Source of the 







silver. 


metal. 

• • 

Crystalline, 

4*4- 

Fuses to brit- 

1 • • 

In nitric 

Copper 

551 Source of the 


isometric. 

5*5 

tle magnetic 


acid. 

Iron 

161 metal. 




globule. 



Sulphur 

284 



Crystalline, 

3*7-4 

Decrepitates, 

In nitric 

In nitric 

Copper 

|72 

Source of the 


monoclinic. 


colours flame 

acid. 

acid. 

oxide 

metal, and in 




green and 



CO2 

20 

ornamenta- 




forms black 
slag; with 
borax fuses 
and gives 
metallic bead 

i 


Water 

8 

tion. 
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Name. 

H. 

Tenacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

COPPEK — 








Malachite (b) 

3*-4i 

Brittle 

Transparent 
to opaque. 

Vitreous 

to 

adamantine. 

Deep 

blue. 

Bluish 


Pyrites . , . . 

3M 

Brittle 

•• 

•• 

Yellow, 
irides- 
cent, 
diirker 
colour 
richer in 
copper. 

Greenish 

black. 

•• 

Silicate . . . . 

2-4 

* * 

Translucent 
to opaque. 

Shining 
to earthy. 

Bluish 

green. 



G 01 .D . . . . 

21~3 

Very duc- 
tile and 
malleable. 

•• 

•• 

Yellow 

to 

whitish. 

•• 

•• 

Calaverite . . 

•• 

•• 

•• 


Bronze 

yellow. 

*• 


Sylvanitc . . 

li-2 

•• 

•• 

*• 

Crey to | Grey to 
yellow. I yellow. 

•• 

Iron— 








Hematite . . 

bi-H 



Splendent 
when crys- 
tallised. 

Grey to 
black. 

Reddish 

brown. 

Sometimes 

slightly 

magnetic. 

Llmonite . . 

6~5J 

•• 


Submetalllc 
to earthy. 

Blackish 

to 

yellow. 

Yellow- 

ish. 

•• 

Magnetite . . 


Brittle 

•• 


Black 

Black 

Strongly 

magnetic. 

Siderite.. .. 

3-4i 

•• 

Translucent 
to opaque. 

Pearly 

Greyish 

to 

brown- 
ish red. 

•• 

•• 
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-‘Continued, 


Flavour 

and 

Odour. 

Structure. 

=lp. gr. 

B.B. 

Efferv- 

escence. 

Solubility, j 

Composition. 

Application 


Crystalline, 

monocliiiic. 

3*5- 

Decrepitates, 

In nitric 

In nitric 

Copper Uj 

Source of 

1 

3-83 

cx)]ours flume 
grefui and 
forms black 
slag; with 
bora.x fuses 
and gives 
metallic bead. 

acid. 

acid. 

oxide j ^ 
CO 2 23 

Water 6 

metal. 


Crystalline, 

tetragonal. 

4-iri- 

4‘3 

(lives snl- 
])liur fumes; 
and metallic 
globule of 
coi)per and 
iron with 
soda on 
(‘.harcoal. 


In nitric 
acid. 

Copper 344 
Iron 304 
Sulphur 35 

Sulphur 
burned ofl'to 
make snl- 
phuric acid 
and cinders 
treated for 
copper. 


Massive ; in- 
crustations. 

2-2-4 

(fives water 
Avithout 
melting ; 
affordH nio- 
tullic globule 
with soda on 
cbuvcoal. 


•• 

Copper 1^5 
oxide J 
Silica 34 

Water 20 

Gives 10-30"A 
of metal. 



19- 

19-3 

Melts vvith- 
otit odour at 
20 IG'^ F. 


In aqua 
regia. 

Always con- 
tains some 
silver. 

Coin, 

jewelry, &c. 

•• 

Massive 

9-043 

•• 

•• 


Tellurium 554;Sourceof 
(fold 441] gold. 


•• 

: 7-9- 
1 8-33 

1 


• • 

* • 

Tellurium 56 Source of 
Gold 284' gold. 

Silver 154| 


ICrystallinc, 
rliombo- 
liedral, to 
massive 
and earthy. 

i 4-5- 
1 6-3 

i 

1 

1 

Infusible, 

becomes 

magnetic. 



Iron 7o 

Oxygen 30 

Valuable 
source of 
metal; 
earthy va- 
rieties u.sed 
as pigments. 


Massive to 
earthy. 


Blackens and 
becomes 
inagnetic ; 
forms a yel- 
low glass 
witli borax 
in outer 
flame. 



Iron oxide 854 
Water 144 

Valuable 
source of 
' metal ; 
earthy va- 
rieties used 
as pigments. 


Crystalline, 

isometric. 

' 5-5-1 

Infusible; 
gives yellow 
glass with 
borax in 
outer flame. 



Iron 72i 

Oxygen 27 i 

Valuable 
source of 
metal. 


Crystalline, 

rhombo- 

hedral. 

3-7- 

3-9 

Infusible, 

blackens, 

becr)mes 

magnetic. 

,In IICl 

j 

In hot IICl 

Iron oxide 62 
Carbon 
oxide 

Valuable 
source of 
metal. 
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Name. 

H. 

Tenacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

Lkai>— 

Cerussite 


Brittle 

•• 

Adamantine 

White 
to dark 
grey. 

•• 

•• 

Galena . . . . 

21 

Fragile 


Shining 

metallic. 

Grey 

Grey 

•• 

Mangakksk— 
Fowlerite . . 

51-61 

•• 

Transparent 
to opaque. 

Vitreous 

Reddish 

to 

black. 

•• 


Pyi’ulusite . . 

2-2i 

.. 

•• 

•• 

Black 

Black, 

non- 

metallic. 

•• 

Mkrciiuy— 

Ciiiimbar 

Nickel — 
Linnseite 

2—21 

51 

Scctile 

Subtrans- 
parent to 
opaline. 

! 

Dull to ada- 
mantine. 

Red to 
brown- 
ish 

black. 

Grey 

Scar lotto 
brown- 
ish. 

Grey 

•• 

Millerite . . 

3-31 

Brittle 


, , 

Yellow 

Bright 

.. 

Niccolite 

6-51 

Brittle 


Metallic 

Red 

Red 

•• 

Pyrrhotite . . 

3H1 

• Brittle 


•• 

Yellow- 
ish red. 

Greyish 

black. 

Slightly 

magnetic. 

Sraaltite, 
Cobalt glance 
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Flavour 

and 

Odour. 

Structure. 

Sp. gr. 

B.B. 

Kfferv- 

esc-ence. 

Solubility. 

Composition. Application. 


Crystalline, 

6'4G-. 

Fuses, 

In dilute 

Ill dilute 

Lead oxide 831 Valuable 


ortho- 

rhombic. 

6*48 

decrepitates, 
gives bead 
on ciiarcoal 
will! ditli- 
cultv. 

nitric 

acid. 

nitric acid. 

Carbon 1,^., source of 
ojTide metal. 


Crystalline, 

isometric. 

7-25- 

7-35 

Fuses, 

decrepitates, 
emits sul- 
phur, gives 
charc«)al a 
ye llow coat- 
ing, and 
yields metal- 
lic bead. 



Lead 8G^ Valuable ' 

Suljjhur 131^ source of 

metal; and 
often silver. 


Crystalline, 

tricUnic. 

3*4- 

3*7 

Dee]) violet 
borax bead, 
brcoinijig 
reildish 
brown on 
cooling. 



MangancseK , As an oma- 
oxide r* metital 

Silica 46 stone, and 

in staining 
glass and 
porcelain. 


Crystalline, 

orthi)- 

rhombic. 

4*8 

l)ce]) vioh t 
borax Iw^ad, 
becoming 
reddish 
brown on 
cooling. 


.. 

Manganese 63 In making 
Oxygen 37 bleaching 
powder. 


CrysUllinc, 

rtii>mbo- 

hedral. 

8-9 

t^uite volatile 

* * 

i 

Mercury 86 Chief source 
Sulphur 14 of the 
metal. 


Crystalline, 

isometric. 

4- 8-5 

(lives snl- 
phurous and 
arsenical 
fumes and 
affords met- 
allic globule 
on charcoal. 

1 

1 

j 

1 Sulphur 42 Source of 
Nickel and nickel. 

Cobalt, various 


Crystalline, 

rhoiiibo- 

hcdral. 

5-G5 

Fuses to 
globule on 
charcoal. 


1 

Nickel 64^ Source of 

Sulphur 35i nickel. 


Crystalline, 

hexagonal. 

7-35- 

7-G7 

Fuses to glo- 
bule, emits 
arsenical 
fumes. 

■■ 

' In aqua 
j rigia. 

i 

Nickel 44 jSource of 

Arsenic 56 j nickel. 


Crystalline, 

hexagonal. 

4*5- 

4-G5 

Fuses and 

gluw.s in 

inner ilame, 

aff<>rding 

black 

magnetic 

globule,. 



Iron 60i Source of 

Sulphur 39^ nickel. 
Nickel, vary- j 
ing. 
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Name. 

IT. 

Tenacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag> 
netism. 

rALLAI>lUM .. 

4i-6 

Luctile, 

malleable. 


Sb'el-llke 
when ham- 
mered. 

Grey to 
white. 



Platinum . . 

4-4i 

Ductile, 

malleable. 

* 

Metallic, 

shining. 

Grey 

Grey 

Often 

magnetic. 

SiLVKU . . . . 

2i-3 

Sectile, 

malleable. 

•• 

** 

White, 

shining. 

White, 

shining. 

•• 

Black , . . . 

2-2 T 

Brittle 

•• 


BLck 

Black 

•• 

Embolite 



•• 


Green 

•• 

•• 

Galena, ut 
Lead, galena 
Glance . . . , 

2-2i 

Sectile 


Metallic 

Grey 

Grey, 

shining. 

•• 

Horn , . . . 

lf-2 

•• 

Transparent 
to opaque. 

Resinous ! 
to I 

1 adamantine.' 

1 

Grey to 
greetiish 
or 

bluish. 

Shining 

•• 

Polybasite 

•• 



.. 

Blackish 

•• 

•• 

Proustlte . . 

•• 

•• 

• 

Splendent 

Light 

red. 

•* 


Ruby . . . . 

2-2^ 


■ 

Splendent 

to 

adamantine. 

Black to 
dark red. 



Stbontttjm— 
Celestite . . 

3-3^ 

Brittle 

Transparent 

to 

translucent. 

Vitreous 
to pearly. 

Bluish 

white. 

•• 

•• 
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Flavour 

and 

Odour. 

Structure. 

Sp. gr. 

B.B. 

Efferv- 

escence. 

Solubility. 

Composition. 

Application. 

i 

•• 

11-3- 

12*2 

Fuses with 
sulphur. 



Contains pla- 
tinum and 
iridium. 

Forms valu- 
able alloys 
for instru- 
ments. 


Grains or 
masHcs. 

16-19 

Unaltered 


Hot aqua 
rt‘giu. 


Invaluable 
for instru- 
ments and 
chemical 
jdant, used 
in electricity 
and photo- 
gniphy. 


Crystalline, 

isometric. 

10*1- 

11-1 

Easily fuses 
to white 
globule. 
Fumes of 
sulphur and 
antimony. 


Nitric acid 

Often contains 
cnppfT, some- 
tiiu< s bismuth. 

Coin, plate, 
&c. 

•• 

CryatP.lline, 

ortlio- 

rhombic. 

6-27 


1 dlute 
nitric acid. 

Silver 684 Source of 

Antimony 15 | metal. 
Siilpliur 16 



5-3- 

5*8 




Sliver ^ 
chloride)'^^ 

„ bromide 41 

Source of 
metal. 


Crystalline, 

isometric. 

7‘19- 

7*4 

Intuniesces, 

( mits sul- 
phur and ! 
gives metal- 
lic bead on 
charcoal in 
outer flume. 

i 

! 


Silver 87 

Sulphur 13 

Coin, plate, 
&c. 


Crystalline, 

isometric. 


Fiia< s in 
candle, emit- 
ting acrid 
fumes; gives 
metal on 1 
charcoal. 

.. 

! 

1 


Silver 75 

Chlorine 25 

Source of 
metal. 

• ■ 

Crystalline, ! 
ortho- 
rhombic. 

6*214 


•• 


Silver 64-72% Source of 

I metal. 

* * 

Crystalline, 

rhomho- 

hedral. 

5*4- 
6 6 

Garlic odour 

•• 

• • 

Silver 654 Sourc-e of 

Arsenic 15 | metal. 

Sulphur 194 


,')*7- 

5*9 

Fuses very 
re.idily ; 
gives white 
deposit on 
charcoal and 
metallic 
bead with 
soda. 



Silver 60 Sourc-e of 

Antimony 224 metal. 
Suli)hur _ 1741 


Crystalline, 

ortho- 

rhombic. 

3*9-4 

Decrepitates 
and fuses, 
colouring 
flame red. 



Strontia 56^ 

Colouring 

fireworks. 
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Name. 

n. 

Tenacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

Strontium - 








Stroutianile. . 

3f4 

Brittle 

Transparent 

to 

traiiBlucont. 

Vitreous 
to resinous. 

Greenish 

white. 


■■ 

Tellurium .. 

2—2^ 

Brittle 


•• 

White 

White 

- 

Tin— 








Ore .. .. 

G-7 


Translncent 
to opaque. 

Adamantine 

Brown 
to black. 

Grey to 
brownish 

■■ 

Pyrites . . . . 

4 

Brittle 

•• 

- 

Grey 
to black. 

Blackish 

•• 

Titanium— 








Rutile . . . . 

Tungsten— 

6-6 i 

Brittle 

Transparent 
to opaque. 

Submetallic 

to 

adamantine. 

Reddish 

Brown- 

ish. 


Wolfram. 

6-5 J 



Submetallic 
to shining. 

Dark 

grey. 

Reddish 

I brown 


Uranium— 








Pitchblende . . 

H 

■■ 

Opaque 

Submetallic 
to dull. 

Grey 
to black. 

Black 


Uraumica .. 

2-24^ 

•• 

Transparent 
to subtrauB- 
lucent. 

Pearly 

Green 

Green 

•• 

Zinc — 








Blende .. .. 

34-4 

Brittle 

Transparent 
to Bubtrans- 
lucent. 

Resinous 
to waxy. 

Yellow 
to black. 


Friction- 
ally elec- 
tric. 

Calamine . . 

4i-6 

Brittle 

Transparent 
to subtrans- 
lucent. ’ 

Vitreous 
to pearly. 

Dirty 

whitish. 

•• 

Pyro-elec- 

trlc. 
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Flavour 

aud 

Odour. 

Structure. 

Sp. gr. 

B.IJ. 

Efferv- 

escence. 

Solubility. 

Composition. 

Application. 

•• 

Crystalline, 

ortho- 

rhombic. 

3-6- 

3-72 

Swells but 
does not 
fuse; colours 
flame red. 

In cold 
dilute 
acid. 

•• 

Strontia 70 
CarlK)uic 
acid 

Colouring 

flreworl^ 


Crystalline, 

rhombo- 

bedral. 

6-1- 

6-3 

Fuses and 
volatilises 
on charcoal, 
giving green 
flame. 





*• 


6*4- 

7*02 

Infusible 
alone ; with 
soda on char- 
coal gives 
metallic liead 

* * 


Tin 78^ 

Oxygen 21J 

Source of 
metaL 



4 -.3- 
4-6 




Tin 27 

Copper 30 

Iron ]3 

Sulphur 30 

Source of 
metal. 

• * 

Crystalline, 

tetragonal. 

4*18- 

4-25 

Unaltcr-‘d 

alone. 



I'itanium 61 
Oxygen 39 

Enamelling 
porcelain 
and teeth. 


Crystalline, 

inonoclinic. 

7-1- 

7-5 

Fuses easily 
to magnetic 
globule. 


Aqua regia 

Tungsten 

oxide 

Mangaiiesei, . 
oxide 

Iron oxide 94 

Alloys with 
iron. 

• • 

Crystalline, 

sometric. 

6*4- 

9*3 

Infusible ; 
grey slag 
VNiih torax. 


Powder 
slowly in 
nitric acid. 

Uranium 81 4 
Lead 4 

Iron 4 

Oxygen 134 
Water 4 

Enainelling 

porcelain. 


Crystallino, 

tetragonal. 

3-3- 

3-6 

Fuses to 
blackish 
nuisi-icolours 
flame green. 



Uranium Ui 
oxide 
Phospho- 
rus (»xidei^° 
Copper „ 84 
Water „ 154 

Knamelling 

porcelain. 


Crystalline, 

isometric. 


Nearly in- 
Insihlfi alone 
or ^ith 
borax. Zinc 
fumes when 
strongly 
d on 
charcoal. 


Nitric acid 

Zinc 67 

Sulphur 33 

Source of 
metal. 


Crystalline, 

ortho- 

rhombic. 

3-16- 

3-9 

Infusible 
alone; clear 
glass with 
borax. 


Hot 

sulphuric 

1 acid, gela- 
1 tlnising. 

Zinc oxide 674 
Silicja 25 

Water 74 

Source of 
metal. 
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Table 135 


Name. 

n. 

Tenacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

ZrNC— 

Goalarite 

2-2i 

Brittle 


Vitreous 

White 

.. 

•• 

Smithsonite . . 

5 

Brittle 

Rubtrans- 

Vitreous 

Dirty 


Frictlonal- 

Willemite . . 


Brittle 

parent to 
translucent. 1 
'IVansparent 

to pearly. 

white. 

Dirty 


iy electric, 
negative. 

Zincite . . . . 

4-4^ 


to opaque. 1 

Translucent 

Brilliant 

white. 

Red 

Yellow, 





to Kubudam- 
aiitine. 





Table 


N on-Metalliferous 


Name. 

fl. 

Tenacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

Apatite 

6 

Brittle 

Traiispartuit 
to opaque. 

Vitreous 
to resinous. 

Greenish 


Friction- 

ally 

electric. 

Arsenic.. .. 

3*5 

Brittle 

- 

•• 

Dirty 

w’hitc. 

Dirty 

white. 

•• 

Mispickel . . 

5f-6 

Brittle 


Shining 

White 

Grey 


Orpiment . . 

li- 2 ' 

Sectile 

Transparent 

to 

translucent. 

Pearly 

Yellow 

Yellow 


Realgar 

lf-2 

1 

Transparent 

to 

traiislaceut. 

•• 

Orange 
to red. 

•• 

•• 
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■contimied. 



Plavour 

and 

Odour. 

Structure. 

Sp. gr. 

B.B. 

Elferv- 

escence. 

Solubility. 

Composition. 

Application. 


Astrin- 

gent, 

metallic, 

nauseous 

Crystalline, 

ortho- 

rhombic. 

2-036 

Zinc fumes 
on charcoal. 

•• 

Easily 

Zinc oxide 28 
Snl nil uric 
acid 

Water 44 

I iyeing, and 
as a (lis- 
Intectunt. 


•• 

Crystalline, 

rhombo- 

hedral. 

4*3- 

4-45 

Infusible 
alone ; final- 
ly vaporises. 

•• 

• • 

Zinc oxide 65 
Carbonic 
acid 1-^'^ 

Source of 
metal. 

1 

1 

! 

[ 

Cry t>ta nine, 
rhombo- 
hf^dral. 

3- 89- 

4- 18 1 

DifficMiltly 
fusible to i 
white enamel 

|ln nitric 

1 acid 

In IICI 
gelatinises 

Zinc oxide 7.3 |Soorce of 
Silica 27 1 metal. 

1 

i 

i 


Crystalline, 

hexagonal. 

6-68-: 
6-74 i 

Infusible 
alone; yel- 
low trans- 
parent bead 
with borax. 

1 

In nitric 
acid. 

Zinc 80 

Oxygen 20 

Source of 
metal. 


136 . 

MlNERALfi. 



Flavour 

and 

Odour. 

Structure. ' 

Sp. gr. 

B.B. 

Efferv- 

escence. 

i 

1 

i Solubility. 

i 

' Composition. 

Application 



Hexagonal 

3-18- 

Fusible only 

None 

1 Slowly in ,Pbo.sphoru8 

Artificial 




3-25 

on edges. 


Initric acid. 

oxide 41 

Eime 64 

Chlorine or 

manures. 









Fluorine 



, . 

IlhomlK)- 

5-65- 

Ileadilyvola- 


, . 

, , 

In alloys. 



hedral. 

5-95 

tilises, with 
gurbe odour. 







Ortho- 

5-67- 

Arsenical 

, , 

, , 

Arsenic 46 

Affords 



rhombic. 

C-3 

fumes, 



Iron 34| 

arsenic and 





magnetic 



Sulphur lyj 

often cobalt 



Ortho- 


globule. 



and gold. 



3*4-- 

Evaporates 


•• 

Arsenic 01 

Pigment. 



rhombic. 

3-6 

with garlic 
odour ; 
burns with 
blue llame 
on charcoal. 


i 

i 

Sulphur 39 



.. 1 

.. 

3-35- 

Evaporates 

.. 

** 

Arsenic 70 

VjTotedmy. 

i 

1 

i 


1 3-65 

with garlic 
odour ; 
burns with 
blue flame 
on cbarcoal. 


i 

Sulphur 30 
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Table 136 


Name. 

H. 

1 Tenacity. 

Diaphaneity. 

Lustre. 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

AttSENfC— 
White .. .. 

U 

.. 

.. 

i 

White 

i 

.. 

.. 

Asbestos 



Translucent 

1 

Vitreous j 

White 



Borates— 
Lime . . . . 

3 



to pearly. ! 

to 

brown- 
ish green 



Lime-soda .. 

1 

, . 


Silky 

Dirty 

.. 

.. 

Mi^nesia . . 

1 



Vitreous 

white. 

Dirty 


Pyro- 

Soda 

2~2i 

•• 

Transparent 

Vitreous 

white. 

White 

•• 

electric. 

Calcspab • . 

3 



Silky 

White 



Epsom Salt . . 




to vitreous 
and earthy. 

Vitreous 

to nearly 
black. 

White 



Fluor Spar . . 

4 

Brittle 

Transparent 

to earthy. 

Greenish 



Graphite . . 

1-2 

Flexible 

to HUb- 
transiuctmt. 

Metallic 

purplish, 

yellow- 

ish. 

Black 

Soils 


Gtpsum . . , . 

lf-2 

in thin 
laminse. 

Transparent 

Pearly 

to grey. 

Dirty 

paper. 





to opaque. 


white. 
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^continued. 


Flavour 

and 

Structure. 

Sp. gr. 

B.B. 

Efferv- 

escence. 

Solubility. 

Composition. 

Application. 

Odour. 







Sweetish 

ostriii' 

gent. 

Isometric 

3*7 

•• 

•• 

Readily 

Arsenic 76 
Oxygen 24 

Medicine. 

Fibrous, 

2*9- 

Unalterable 




Fireproofing. 


Bilky. 

3-4 







2*262- 





Borax (bor- 



2*48. 





ate of soda) 


Fibrous 

1*65 

Fuses very 


. . 


is much 




easily. 




used in 


Isometric 

2*97 

Easily fused ; 


In HCl. 

Boron 

oxide 

medicine 




intumesces ; 



and for 




colours 



Magnesia 31 

preserving 




flame green. 



Chlorine 7 

foods; 

Sweetish 


, , 

Swells 



oxide 

the other 

alkaline. 



enormously, 



bt^rates are 




becomes 



Soda Ui 

converted 




opaque, and 



Water 47i 

Into borax 




finally forms 




for similar 




glassy bead. 




uses. 

, , 


2*5- 

Infusible ; 

Dilute 


Lime 56 

Common 



2*8 

colours flame 

cold HCl 


Carbonic 1.. 
acid 

forms, as 




reddish ; 



chalk and 




becomes 




lim'stone, 




caustic. 




afford lime ; 
marbles 
used in 
ornamental 
buildings ; 








Iceland spar 
used In 
optical 








instruments. 

Saline 





Very 

Magnesia 16^ 

Medicine. 

bitter. 





readily. 

Sulphuric 

acid 








Water 61 



Isometric 

3-3*25 

Decrepitates; 

,, 

Powder in 

Fluorine 49 

Asa flux; 




fuses to an 


sulphuric 

Calcium 51 

for carving ; 

Greasy 

Hexagonal 


enamel. 


acid. 


vapour 
etches glass. 

2*26- 

Infusible 


Insoluble 

Carbon 95-99"/) 

Crucibles, 

touch. 

Monoclinic 

2*27 




furnaces, 

pencils. 


• • 

2*33 

Exfoliates ; 

, , 

Quietly in 

Lime 32i 

For carving ; 




becomes 


HCl. 


manure ; 




white and 



and plaster 




opaque ; 
forms 



Water 21 

of Paris. 




globule. 
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Table 136 


Name, 

H. 

Tenacity. 

Diaphaneity. 

Lustre, 

Colour. 

Streak. 

Electricity 
and Mag- 
netism. 

JNFUSOJtrAt 1 
Eakth j 

•• 

•• 

•• 

- 

Dirty 

white. 

- 


Kaolin .. .. 


Flexible 

•• 

•• 

Dirty 

white. 

•• 


Mkf-rschaum 

2-2 J 

•* 

•• 

•• 

Whitish 

•• 


Mica 

2-2i 

Toiif^h, 

elastic. 

Tran<!parent 

to 

translucent. 

Pearly 

Yellow- 

ish 

brown. 



Nitratks— 
Potash . , • . 

2 

•• 


•• 

Dirty 

white. 

- 


So(}a .« . . 





Dirty 

white. 










Halt *, 

2 

- 

- 

•• 

Dirty 

white. 

•• 


StLPHUll 

li-21 

Brittle 

Transparent 

to 

translucent. 

Bcsinous 

Yellow 

Yellow 


Pyrites . . . . 

6-6i 

Brittle 

•• 

Metallic 

Yellow 

Brown- 

ish. 

•• 

Talc .. 

1-U 

Flexible 


Pearly 

Greenish 
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Flavour 

and 

Odour. 

Structure. 

Sp.gr 

B.B. 

Efferv- 

escence. 

Solubility 

Composition. 

Application. 

•• 

Earthy 

- 

•• 

•• 

•• 

Silica 

Polishing ; 
boiler cover- 
ing; making 
soluble silica 

Groafly 

touch. 

Ortho- 

rhombic. 

2*4- 

2*6 

Infusible 

• • 

Insoluble 

Alumina 40 
Silica 46 

Water 14 

Porcelain ; 

paper- 

making. 

Smooth 

touch. 

• • 

Floats 

on 

water. 

Infusible 

•* 

• * 

Silica 61 

Magnesia 27 
Water 12 

Pipe bowls. 


Monoclinic 

2-7-3 

Whitens; 
fuses only 
on thinnest 
edges. 



Silica 46 

Alumina 36 
Iron 4 

Potash 9 

Water 2 

In heat- 

resisting 

structures. 

Saline, 

cooling. 

Ortho- 

rhombic. 

1-97 

Bums 

vividly. 

•• 

In water 

Potash 461 

Nitrogen U. 
oxide 

Explosives; 
nitric add ; 
pyrotechnics 

Saline, 

cooling. 

Rhombo- 

hedral. 

i •• 

Bums 
vividly; 
j deliquesces. 

1 

In water 

Soda 36^ 

, Nitr.igen 
oxide 

Making 
nitric & sul- 
phuric acids; 
manures. 

Saline 

Isometric 

2-257 

[Fuses easily ; 
decrepitates; 
colours flame 
yellow. 


In water 

\ Chlorine 61 
Sodium 39 

Domestic ; 
agricultui-al ; 
industrial. 


Ortho- 

rhombic. 

2-07 

Bums with 
blue flame 
and sulphur- 
ous odour. 




Bleaching; 
gunpowder ; 
sulphuric 
acid. 

■■ 

Isometric 

4-8- 

6-2 

Emits sul- 
phur; affords 
magnetic 
globule. 
Infusible 

• * 

• * 

Sulphur B3 
Iron 47 

Green vitriol; 
sulphuric 
acid; alum. 

Greasy 

touch. 

Ortho- 

rhombic. 

2-5- 

2-8 

1 


Insoluble 

Silica 63 

Magnesia 33 
Water 3 

Polishing ; 
Iubricat.ing ; 
fire resisting; 
porcelain ; 
weighting 
paper and 
soap. 
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ASSAYING. 

Assaying ; Auriferous Mineral, a, (Foord.) 

The auriferous nature or otherwise of quartz may be readily 
ascertained by means for the most part mechanical ; and we may 
often gain an insight into the mode of occurrence of the precious 
metal, and consequently as to the treatment whicli such a quartz 
would require in tlie mill. The mode of procedure is simply this. 
First pulverise the sample in a large c'ast-iron mortar, with a very 
stout bottom ; the pestle of wrought iron may be 4 ft. long, and 
weigh 18 lb., and the upper part of this pestle, for preservation of 
the hands, should be covered with a short piece of rubber hose 
pipe. Employ a sieve of brass wire of fine mesh (say about 900 to 
the sq. in.), and after all the sample has passed through the sieve, 
grind the powder still finer in a shallow cast-iron mortar of about 
11 in. diarrieter and 5 in. deep. Then submit a weighed quantity 
of the very finely ground sample to careful washing in a porcelain 
dish, and you will eventually obtain a residue ormsisting almost 
entirely of the metallic sulphides of the ore. Tliese, small in bulk 
in proportion to that of the original quartz sample, are next trans- 
ferred to a large agate mortar, again ground and washed altern- 
ately, until at last a small grey residue showing no gold is all that 
remains. This grey residue consists almost entirely of particles of 
(uist and wrought-iron abraded during the preceding operations. 
They may be easily separated. A darning needle or a steel pen is 
magnetised by drawing it once or twice, always in the same direc- 
tion, over the surface of an ordinary horse-shoe magnet, and to the 
little steel magnet thus obtained the particles of iron will attach 
themselves, and may be freed from any entimgled particles of gold 
by drawing them backwards and forwards through the water with 
which the agate mortar is filled. The agate mortar is pre-emin- 
ently suitable for this final work ; the smallest particle of gold can 
be seen against the dull surface of the agate ; the hardest materials 
can be ground impalpably in the little vessel, and it serves tlie 
double capacity of mortar and wash-bowl ; we can wash and grind 
alternately to the close of the operation. When the gold is finally 
separatetl in spangles or flattened particles in the agate mortar, 
.accessory clieraical means for refining and collecting the precious 
metal into a globule may be employed. The gold residue may be 
wrapi)ed in a morsel of sheet-lead and cupelled before the blow- 
pipe ; and from the diameter of the resulting minute spherical 
f^ad of fused gold thus obtained, its weight may be easily com- 
puted. Such operations would in most cases prove inapplicable in 
the hands of the miner in the field. But by the purely mechanical 
treatment, the miner can ascertain whether the sample tried is 
auriferous or not, and even without attempting to weigh the sepa- 
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Auriferous Mineral — continued. 

rated gold, he will be able to draw valuable conclusions from its 
aspect in the mortar, concerning the comparative richness of the 
stone. 

Assaying : Auriferous Mineral, h. (Panning.) 

The estimation of the value of an auriferous material in which 
the gold is contained in a free state, can be done sometimes in a 
more satisfactory manner by simple appliances than in the best 
appointed laboratory. This is especially the case with low grade 
material, and arises from the fact that a laboratory assay can only 
be made on small samples, and that small samples cannot possibly 
be made to accurately represent the bulk, because the presence or 
absence of a small particle of gold in or from the same will suffice 
to disturb the basis of calculation. Panning more nearly resembles 
the operations which are put in practice when working the material 
as an industrial undertaking, and is therefore in many cases to 
be preferred. Of course, to be reliable, it must be done by an expert. 

The implement most commonly used is the ordinary miners* pan, 
a circular dish of Russia sheet iron, about 12 in. wide, and 3 in, 
deep, with sloping sides. There should be a slight indentation all 
round where the sides join the bottom, so as to afford lodging for 
the gold grains, and the rustier it is the better. The Brazilian 
batea, mad(i of hard wood in a solid pieexi, and hollowed out like a 
shallow funnel, is a superior implement when in capable hands. 
Another good substitute for this pan is a kind of magnified shovel, 
without handle, made of linden wood, and provided with a vertical 
wall on three sides. The wooden implements should be slightly 
charred on the surface to show up the gold grains, and should not 
have been used to hold mercui’y or amalgam. Absolute cleanliness 
is esseutial. 

The sample to be treated, which should preferably be an exact 
quantity, say 5 to 25 lb., representing 100-500 assay tons, is crushed till 
it is fine enough to pass through a 60-mesh sieve, then moistened witli 
water in the pan or other implement. The op(jrator stands beside 
a tub filled with clean wate.r, with strips across the top for the pan 
to rest on. Washing with a pan consists in gradually getting rid 
of the refuse matters by means of the water, the greater weight of 
the valuable portions enabling them to resist the tendency to be 
washed away. The greatest care must be taken that all parts of 
the mass be thoroughly washed by mixing up and squeezing in the 
hand, especially if any clay is present or other matter tending to 
increase the cohesivoness of the mass. 

Successive small quantities of refuse are washed off and fresh 
portions of water taken on till the bulk is reduced to a small de- 
lK)sit of heavy matters, which may include magnetic iron, tin, bis- 
muth, pyrites, platinum, and gold. The washing is done by 
means of a circular motion combined with a jerk or twist which 
helps the heavy particles to become dissociated from the light, A 
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Auriferous continued. 

sufficiency of water to keep the whole mass quite wet must be 
maintained throughout the operation. As the end approaches, a 
useful help is a bullock’s horn with the small end plugged and then 
perforated so as to allow of a tiny and regular stream of water flow- 
ing out when the horn is filled by dipping it into the tub. By 
directing this little stream with care, the valuable particles can be 
collected in a small space by themselves. Then on being dried 
and weighed, they will give a very fair approximate idea of the value 
of the material treated. But a much more accurate estimate may 
be made by following the directions given by Brown in his ‘ Manual 
of Assaying ’ : — 

“ If gold alone is obtained, that is, gold (or gold and silver) free 
from sulphurets, etc., it must be treated as an alloy, weighed, 
parted and weighed again, or cupelled with lead, weighed, parted 
and weighed ; in both cases giving gold and silver. 

“ If the panning is not c^arried to such a point as to get rid of 
all the rock, the concentration is all scorified with test lead (or run 
down in a crucible), cupelled, parted and weighed. In the case of 
an ore supposed to carry auriferous sulphurets, it should bo panned 
so far as can safely bo done without losing metalliferous particles, 
and the concentration treated as above described. 

** If the ore is quite poor, or a large quantity is desired to be 
worked, the panning can be carried on roughly, and the successive 
concentrations finally panned together. 

“ The results are based upon the amount of ore taken in the pan. 
If much of tJiis work was to be done, a set of weights from hOO 
assay tons down (approximately accurate) would be very cenveni- 
ent and save calculation. The result would be as many times the 
number of 02 . contained in the ore as the quantity of ore was more 
than 1 A.T. 

“ For example, the ore was supposed to be very poor and therefore 
500 A. T. were taken. Bead weighed 50 mgrm. 

.-. 500 A. T. : 1 A, T. : ; 50 mgrm. ; mgrm., 
or the ore ran oz. Troy per ton. 

“ If 100 A. T. had been taken and the same weight bead obtained, 
we would have : 


100 A. T. : 1 A. T. : : 50 mgrm. : | mgrm., 
or the ore would run \ oz. Troy per ton. 

“ As an example of the calculation required without the large 
assay ton weights, I give the following 

“ Weight of panful of ore, kilo. = 2,250,000 mgrm. 

Weight of bead obtained, gold 20 mgrm., silver 50 mgrm., 


then - 


29166 


and 


20 mgrm 
2,250,000 mgrm. 
50 mgrim 


X 

29166 


X = A*® = io*- gold 
X = = I oz. silver. 
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Auriferous Mineral — continued. 

** The free gold can be separated from the sulphurete (if it be 
desired to determine how much of the gold is *^free'’ and how 
much in “ sulphurets "’) by washing in an amalgamated pan. Such 
a vessel may be simply made by bending a piece of thin silver- 
plated copper (about 6 in. by 12 in.) so as to form curved edges on 
three sides, the silvered sides in. The side not turned up is one of 
tlie narrow ends. A little mercury (free from gold and silver) will 
quickly amalgamate the interior, and if the ore is washed carefully 
over tljis, most of the free gold will become amalgamated and stick 
to the pan. A piece of chamois skin made into a rubber will push 
the gold, which can be seen as little specks of amalgam, to the open 
edge of the pan and into a crucible. The mercury can be driven 
from the gold by heat. 

“No investigation has been made to determine if any silver is 
carried by the mercury to theasstiy from the pan, but if such be 
the fact, the result is still accurate for gold. If carefully performed, 
the results ought to be above the yield from a stamp-mill with 
amalgamated plates. 

“ A more common test than the above silver-plated amalgamated 
copper pan is, after having panned down, to drop a few globules of 
clean mercury into the pan and a little cyanide of potassium (to 
keep the mercury clean). Work up with a spatula till the mercury 
has taken up the free gold, then collect, and run off the mercury. 
Clean it and dissolve in nitric acid (for the gold only) or drive off 
the mercury in the muffle ; weigh the residue of gold and silver, 
part, and weigh gold. 

“ The residue in the pan should then be assayed, and the gold 
and silver (actual weight) determined. Suppose 

Original weight of ore 2J kilo. 

Gold and silver after retorting 35 mgrm. 

Gold after parting 15 „ 


Hence silver 20 mgrm. 

Gold in sulphurets .. .. 50 „ 

Silver „ 90 „ 


“ Then we have : 

Free gold oz. per ton of original ore. 

Silver in free gold oz. per ton of original orc- 

Gold in sulphurets oz. per ton of original ore. 

Silver in sulphurets ly\f^ oz. per ton of original ore. 

Total gold oz. per ton of original ore. 

Total silver oz. per ton of original ore. 

" There is a certain loss in panning, hence the results are not 
analytically accurate, but are close indications of the practical 
result of the working of gold ores in a mill with copper plates/*— 
{Brown,) . . 
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Assaying : Auriferous Mineral, c, (Attwood.) 

In assaying the gold sand of the rivers, streams, and sea beaches 
of California, some difficulty is met with, as it contains a great 
amount of specular titanic iron, and is called “ black sand ” by the 
miners. Platinum and iridium are often found in the same sand. 
Following is a convenient method of testing these sands : — 

Take 100 to 1000 gr. and attack with aqua regia in a flask ; 
cool for about 30 minutes or more ; dilute with water, and filter. 
If gold is present, it will now be held in solution in the filtrate. 
Remove the filter, and evaporate the filtrates to dryness ; then add a 
little hydrochloric acid, and redissolve the dry salt in warm water ; 
add to the solution so formed protosulphate of iron, which will 
throw down the gold in the form of a fine, dark precipitate. This 
precipitate is seldom pure, being mixed with oxides of iron, and 
must now be dried in the filter paper, and both burned over the 
lamp in a porcelain dish. Then mix the dried precipitate with three 
times its weight of lead ; fuse, scorify, and cupel. In case plati- 
num, iridium, &c., are found associated with the gold, an exact 
amount of pure silver should be added before cupellatioii, and the 
gold button will be found pure. 

Assaying : Auriferous Mineral, d. (Darton.) 

Small parts are chipped from all the sides of a mnss of rock, 
amounting in all to about J oz. This is finely powdered in a steel 
mortar, and well mixed. About half of it is placed in a capacious 
test tube, and then partly filled with a solution made by dissolving 
20 gr. of iodine and 30 gr. of iodide of potassium in about 14 oz. 
water. The mixture thus formed is thoroughly agitated by snak- 
ing and warming; then, after all particles liave subsided, dip a 
piece of pure white filter paper in it, allow it to remain for a 
moment, then let it drain, and dry it over the spirit lamp. It is 
then placed upon a piece of platina foil held in pincers, and this 
heated to redness oyer the flame ; the paper is speedily consumed ; 
and after heating further, to burn off all carbon, it is allowed to 
cool, and then examined. If at all purple, gold is present in the 
ore, and the relative amount may be approximately deduced, as 
much, fair, little, or none. This method takes but little time and is 
very trustworthy. 

Assaying : Auriferous Mineral, e. 

The following simple method for the defection of gold in quartz, 
pyrites, &o., is an adaptation of the w'ell known amalgamation pro- 
cess, and serves to detect very minute traces of gold. Place the 
finely powdered and roasted mineral in a test tube ; add water and 
a single drop of mercury ; close the test tube with the thumb, and 
shake thoroughly and for some time. Decant the water, add more^ 
and decant repeatedly, thus washing the drop of mercury until it 
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Auriferous Mineral — continued. 

is perfectly clean. The drop of mercury contains any gold that may 
have been present. It is therefore placed in a small porcelain cap- 
sule, and heated until the mercury is volatilised and the residue of 
gold is left in the bottom of the capsule. This residue may be 
tested either by dissolving in aqua regia and obtaining the purple 
of Cassius with protochlorido of tin, or by taking up with a frag- 
ment of moist filter paper, and then fusing to a globule on charcoal 
in the blowpipe hame. 


Assaying : Auriferous Mineral, /. 

The mechanical assay of auriferous sands or stamped ore, based 
on common pan-washing, is of the utmost practical value to the 
miner as a working test. It does not give all the gold in the rock, 
as shown by a careful fire assay, but what is of equal importance 
to the mine owner, mill man, and practical miner, it gives what he 
can reasonably expect to save in a good quartz mill. It is really 
milling on a small scale. It is generally very correct and reliable, 
if a quantity of material be sampled. The only operation which 
requires much skill is the washing, generally well understood by 
those who are most likely to avail themselves of the instruction. 
These rules apply equally to placer gravels. Take a quantity of 
the ore — the larger the better — and spall it into pieces of less size 
than an egg. Spread on a good floor and, with a shovel, mix very 
thoroughly ; then shovel into three piles, placing one shovelful 
upon each in succession, until all is disposed of. Two of the piles 
may then be put into bags. The remaining pile is spread out on 
the floor, mixed as before, and shovelled in tlie same manner into 
three piles. This is repeated according to the quantity sampled, 
until the last pile does not contain more than 30 lb. of ore. As the 
quantity on the floor becomes smaller, the lumps must be broken 
finer until the last, when tljey should not exceed 1 in. in diameter. 
What remains is removed to an iron slab and, by the aid of an iron 
ring and hammer, reduced to the size of peas. The whole 30 lb. is 
then spread out, and after careful mixing, portions are lifted with 
a flat knife — taking up the fine dust with the larger fragments — 
until about 10 lb. have been gathered. This quantity is then 
ground down fine with the muller, and passed through a 40-mesh 
sieve. If the rock is rich, the last portion will be found to contain 
some free gold in flattened discs, which will not pass the sieve. 
These must be placed with the pulverised ore, and the whole 
thoroughly mixed, if the quantity is small ; hut if large, must be 
treated separately, and the amount of gold calculated into the 
whole 10 lb., and noted when the final calculation is made. From 
the thoroughly mixed sample, 2 kilo. (2000 grammes) must be care** 
fully weighed out. This is placed in a pan, or, better, in a batea, 
and carefully washed down until the gold begins to appear. Glean 
water is then used, and when the pan and the small residue are 
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Auriferous Mineral — continued. 

<!lean, moat of the water is poured off and a globule of pure mercury 
(which must be free from gold) is dropped in — a piece of cyanide 
of potassium is also placed with it. As the cyanide begins to dis- 
solve, a rotary motion is imparted to the dish — ^best done by hold- 
ing the arms stiff and moving the body. As the mercury rolls over 
and ploughs through the sand, under the influence of tlie cyanide, 
it will collect together all the particles of free gold. When it is 
certain that all is collected, the mercury may be carefully trans- 
ferred to a small ]x>rcelain cup or test tube, and boiled with strong 
nitric acid, which must be pure. When the mercury is all 
dissolved, tlie acid is poured off, more nitric acid is applied cold, and 
rejected, and the gold is then washed with distilled water and dried. 
The object of washing with acid the second time is to remove any 
nitrate of mercury which might remain with the gold, and which 
is immediately precipitated if water is first used. The resulting 
gold is not pure, but has the com];)osition of the natural alloy. 
Before accurate value calculations can be made, it will be necessary 
to render the gold pure and weigh it carefully. To purify the 
gold, it must be melted with silver, rolled out, or hammered thin, 
1x)iled twice with nitric acid, washed, dried, and heated to redness. 
The method of calculating this assay is very simple. It will be 
observed that 2000 grammes were weighed out. Let the 2000 
grammes represent a ton of 2000 lb., then each gramme will be 
equivalent to 1 lb. avoirdupois, or one 2000th part of the whole, 
and the decimals of a gramme the decimals of a pound. Suppose 
the ore yielded, by the assay just described, fine gold weighing 
•072 gramme, it must be quite evident that a ton o’f the ore would 
yield the same decimal of 1 lb. Now it is only necessary to multi- 
ply the value by the weight of gold obtained in grammes and 
decimals to find the value of the gold in a ton of ore. Care must 
be taken in this assay to keep the cyanide solution rather weak, 
as gold is somewhat soluble in strong solution of cyanide of 
potassium, and to remember that cyanide is deadly poison, which 
should be handled with great care. 

Assaying : Auriferous Mineral, g, 

Take<l) 200 gr. ore, 500 gr. litharge, 6 gr. lampblack, 500 gr. 
carbonate of soda; or (2) 200 gr. ore, 200 gr. red lead, 150 gr. car- 
bonate of soda, 8 gr. charcoal, 6 gr. borax ; mix and put into a 
wanned crucible, and cover with Jin. of common salt ; fuse in a hot 
fire 30 minutes ; cool, and break the pot ; clean the button with a 
small hammer. If the quartz is very pyritous, take 1000 gr. and 
calcine “ dead without clotting. Add 500 gr. red lead, 35 gr. 
charcoal, 400 gr. borax, 400 gr. carbonate of soda. Cover with salt 
and proceed as above. In each case cupel the button. As the 
1x)ne ash of which the cupel is made can absorb its own weight of 
metallic oxides, the cupel chosen should always exceed the weight 
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of Ihe button to be operated on, so as to have a mar^n. Boil the 
gold prill, obtained from cupelling, in nitric acid, which dissolves 
the silver and leaves the gold pure. These formula) are open to 
modihoation by the operator according to the apparent richness or 
poverty of the ore to be treated, and the presence and character of 
the basic impurities. In case there are oxides, a reducing agent is 
required ; if sulpliides, an oxidising agent. As a rule, employ a 
weight of litharge twice that of the ore, and of carbonate of soda the 
same as the ore. These reagents are added to control the size of 
the lead button, and to obtain one of a suitable size for cupelling. 
See also p. 345. 


AssayinO : Auriferous MetaL 

Select from the samples several pieces, to represent as fair an 
average as possible, and divide each of them with the cold-chisel. 
Then with each piece, using the fresh cut edges, make parallel 
marks on a touchstone, and lay the pieces of gold on the table in 
the same succession. Wet the gold streaks on the stone with 
nitric acid, using a glass rod or the stopper of a coin test. If no 
reaction takes place, and the streaks look as bright and metallic as 
before, the gold is at least 640 fine, and probably finer even than 
that ; wipe the stono gently with a piece of soft rag, and apply test 
acid in the same manner ; if there is still no reaction, the gold is 
finer than 750 ; if any action is observed, the fineness is between 
the two. Tost acid is made by mixing 98 parts of pure nitric acid 
of 37^ Beaume with two parts of hydrochloric aedd of 21® B., and 
26 parts of distilled water by measure. If the golden streaks are 
not acted on by nitric acid, or by the test acid, take a touch needle 
marked 700, and make a similar streak on the stone below that 
made with the samples. Compare the colour, and then progress 
with other needles, both copper and silver, using a higher mark 
each time, until a colour corresponds to that of the samples; an 
approximate knowledge of the quality of the gold will thus be 
obtained. But, should nitric acid cause any change in the appear- 
ance of the streaks on the touchstone, and the preliminary test in 
the watch glass indicated copper, try the copper needles and apply 
m the reverse order until you hit the colour, and find a 
needle, the streak of which is acted upon in a similar manner by 
nitric acid. If silver was indicated, use the silver needles. Con- 
siderable practice and a good eye are required to obtain accurate 
results with the touchstone, but this is soon acquired. Gold dust 
and retorted amalgam should be examined for mercury. This is 
done by putting a small fmgment into a glass tube, closed at one 
end, observing that it falls quite to the bottom. Place the end of 
the finger loosely over the opening, and heat the closed end of the 
tube where the piece of gold lies, in the fiame of the spirit lamp. 
If mercury is present, a bright ring will form in the tube above the 
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assay. Upon examination with a magnifying glass, the ring will 
be found to be minute globules of mercury. To be certain, make a 
scratch with a file below the ring, and break off the closed end of 
the tube. Place the end of the now open tube into a few drops of 
water in a watch glass, and then, with a feather, or small stick, the 
sublimate may be brushed into the water, and by gently shaking, 
be caused to coalesce into a single globule, in which form it cannot 
be mistaken for any other substance. 


Assaying : Bullion, 

Any person skilled in the use of the blowpipe and possessing a 
good balance can make accurate assays of bullion or gold dust ; but 
the results will be only approximate unless the whole lot is melhid 
into a bar. As this is not always convenient, the following plan 
may be adopted. Pour the gold dust out on a large and perfectly 
clean sheet of paper, and with the ends of the fingers mix it 
thoroughly, occasionally lifting the edge of the paper to throw it 
together, and again mixing to ensure uniformity; then, from 
various parts, lift small portions, until more than 1 oz. is collected 
— ^this is best done with a flat knife, or by pinching with the thumb 
and forefinger — from this, weigh out accurately 1 oz. troy ; place 
this in a small crucible, add a little borax, carbonate of soda, and 
nitrate of potash, and melt the whole together — this may easily be 
done in a blacksmiths* forge or in a coal stove ; when perfectly 
melted, set tlie crucible aside, and when cold, break and remove the 
gold button ; this must be freed from clay and slag by ‘light blows 
of the hammer on its edges, and subsequent washing. When per- 
fectly clean and dry, weigh again. The loss is water, iron, sand, 
mercury, and other impurities, which may be assumed to be the 
average of the entire lot. Out off a small portion from each side 
with a cold-chisel, wrap the pieces in pap(?r to prevent tliem from 
flying, and hammer down on the anvil until thin enough to cut 
with scissors; place upon charcoal, and heat with the blowpipe 
flame until the paper is burned away, taking care not to melt the 
gold. Out with a pair of shears sufficient to weigh exactly 
gramme, or 100 milligrammes; a portion should betaken from each 
of the pieces. The weighing must be conducted with the greatest 
accuracy, for the success of the assay depends upon precise manipu- 
lation. Blowpipe cupels are made of the finest washed bone-ash, 
formed in a cupel mould of boxwood or ebony, hammered with 
sufficient force to make them compact, and well dried. They are 
about ^ in. diameter, and less than that in height. For conveni- 
ence, they may be supported in a ring of platinum wire, in a handle 
of cork, or fused into a glass rod. Place the assay in the centre of 
a piece of lead foil about J in. square; fold the lead over the gold, 
and with the fingers carefully form it into a ball and set it aside. 
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Prepare two assays like this. Take the cupel support in the left 
hand, and, having lighted a spirit lamp, lift one of the cupels by 
placing the end of the forefinger in the concave part, and holding 
it lightly with the thumb, place it in the loop of wire. Heat tiie 
cupel by urging the whole of the flame upon it, producing in doing 
so a roaring sound. This is best done by holding the point of the 
blowpipe outside the flame. Wlmn the cupel is hot enough, which 
is known by its becoming white after first blackening, lift with the 
pliers one of the assays, and place it in the centre of the cupel. A 
steadily-pointed blue flame must then be directed upon the assay 
until it melts and begins to oxidise, when the flame is changed to 
a roaring blast, and the cupel is moved farther from the lamp. 
Gupcdlation goes on rapidly if the flame is directed against the 
cupel beyond the assay, and not directly upon it, and if the cupel 
is kept cool — that is to say, at the lowest temperature at which the 
lead can be kept fluid. It will be found advantageous to discon- 
tinue the flame for an instant occasionally, and to direct it by short 
puffs at times. The exact point can only be attained by removing 
the cupel from the lamp, and returning it gradually, as may be 
required. As the cupellation goes on, the bead becomes more 
spherical ; little patches of lead oxide form and pass to the cupel, 
becoming thinner, until at last the gold bead can be seen through 
the slight film of oxide. When nearly finished, the molten gold 
spits up towards the flame. At last, at the proper moment, learned 
only by practice, an instant cessation of the blast causes a flash, 
and a bright yellow golden bead remains on the cupel. When 
cold, the bead is removed fiom the cupel with pliers, and placed 
flat side down on a clean piece of paper. It is then grasped with 
a large pair of pincers and squeezed by a strong pressure. This 
generally removes all adhering boneTash, and renders tJie button 
fit for weighing. To make sure, turn it over, examine with the 
magnifying glass, and brush with a small short-bristle brush. If 
anything should be found attached to it, a squeeze at right angles 
with the first will generally remove it. Place the button in tlte 
pan of the balance and weigh it carefully. Its weight in milli- 
grammes is the total fineness in hundredths. For instance, 74 
milligrammes would be 740 fine. With a delicate balance, 
thousandths can be weighed, each tenth of a milligramme being 
• 001 . 

The button will probably contain silver. To ascertain the fine- 
ness of gold, it must be subjected to a second process. The weight 
of the bead being noted, a cavity is made in a piece of charcoal, 
held by means of a proper support. In the cavity is placed the 
gold button, with four or five times its volume of pure silver, and 
both metals are melted together before a strong blowpipe flame. 
The alloy must be thoroughly fused. When cool, it is wrapped in 
paper, limmered flat, heat^ red hot to bum away the paper, 
cleaned with the stiff brush, placed in a test tube with nitrio acid, 
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and boiled over a spirit lamp until no more red fumes are given off. 
A black powder, which is the gold, will remain. The tube is then 
filled up with distilled water, which is poured off carefully, so as 
not to permit any of the finely divided gold to pass away with it. 
This must be repeated, and the tube filled full for the third time 
with distilled water. A porcelain cup is then placed over the tube, 
like a cap, aiul both are inverted together. The gold falls to the 
bottom of the cup, and the tube is carefully removed. The water 
is then poured from the gold in the cup, which is first subjected to 
a gentle heat, and then made red-hot by the aid of the blow-pipe. 
During the process the cup may be held, by the aid of pincers, over 
the flame of the spirit lamp, which is urged upward against it from 
below. When the gold has assumed its metallic colour, the oi)era- 
tioii is finished. When cold, the gold is brushed into the pan of 
the balance, and its weight in tenths of a milligramme is noted. 
The results may be written as follows : Suppose the weight of the 
cupelled button, in milligrammes, to be 74*4, the total fineness will 
be 744 ; weight of gold powder, 69*2 = 692 ; fineness of silver, 52. 
Or, fineness of gold, 692 ; fineness of silver, 52 ; total fineness, 744, 
It is important in estimating the value of purchased gold dust, 
to carefully examine, to see if there is any counterfeit, or, as it is 
called, “ bogus ” dust present. If all from the same locality, the 
dust will have a uniform colour. Any suspicious-looking pieces 
should be set aside and cut with a cold chisel w’hile lying on a 
small anvil. A fair sample of the whole lot of gold dust under 
examination should then be placed in an evaporating dish, the 
suspected pieces being placed on top, and nitric acid poured over 
them. If any reaction takes place, such as effervescence, or evolu- 
tion of red fumes, or if the acid becomes coloured, there is foreign 
matter present, and should this be the case, adulteration or coun- 
terfeit gold dust may be suspected. Place two watch glasses, one 
on a piece of white paper and the other on black, or some dark 
colour ; then, with a glass rod, convey a few drops of the acid from 
the dish to each. To the white add a drop or two of ammonia until 
it smells strongly ammoniacal ; a blue colour indicates copper. To 
the other add hydrochloric acid in the same manner. If a white, 
curdy precipitate forms, which does not dissolve upon the addition 
of water, silver is being dissolved from the gold dust in the evapo- 
rating dish. If the dust is of very low grade, these metals may 
difi^lve in very small quantities. But such gold dust would be 
ea^y detected by its inferior colour and ap|)earance. If no notion 
is observed, even after lieating the dish, there is no counterfeit 
present. Coimterfeit gold dust is sometimes heavily coated with 
pure gold (by the galvanic process) so as to protect the base alloy 
from the action of nitric acid, hence the necessity of cutting all 
suspected pieces before submitting to the action of the acid. To 
remove the acid from the gold, wash with water thoroughly, and 
dry over the spirit lamp. 
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(Each salphuiet will give a litUe odour of sulphor, but it is not to be confounded with the odour of 
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Table 138 . — Beducing Agents, 

1 part of the undermentioned will reduce of metallic load ; — 



Parts. 


Parts. 

ArRol, crnde 

bk-H 

Flour, wheat . . , . 

16 

Oliarcoal, ordinary 

23-30 

Gum arable, powdered 

11 

Coke» powdered . . 

24 

Starch, corn . . . . 

llf-13 

hard coal 

25 

„ laundry . . . . 

lli-13 

«>ft „ 

Cream of tartar , 

22 

Sugar, white, powdered 



Table 139. — Sulphurets, oxidising, (Brown.) 


Kind of Sulphiiret. 

Parts of 
litharge re- 
quire t() 
wmpletely 
oxidise 1 part 
of the 
sulphuret. 

Parts of 
metallic lead 
reduced by 

1 part of the 
sulphuret. 

Percentage 
of tlje 
sulphuret 
which with 
charges of 

1 A.T. will 
reduce a lead 
button of 
about 16 grin. 

Parts of nitre 
required to 
completely 
oxidise 

1 part of the 
sulphuret. 

1, Zinc blende 

25 

6-6 

7*7 

_ 

2. Manganblende .. .. 

30 

6*7 

7-5 

— 

3. Iron pyrites 

50 

8*6 

5*8 

2*5 

4 . Arsenopyrite 

40 

7*3 

6-5 

— 

5. Copi>er pyrites . , . . 

30 

7*2 

7 

— 

6. Copper glance . . . . 

26 1 

3-8 

13 i 

— 

7. Grey copper 

35 

6 

8 

— 

8. Grey antimony . . . , 

26 1 

B‘7 

9 

— 

9 . Galena 

1*8 

2-8* 

18 

•66 


All the lead of the galena and litharge. 
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Table 140 . — CJwirges for Gold and Silver Ores, 


Ingredients. 

1. Antlmonlal and arsenical ores. (Brown.') 

Ore 

Granulated lead . . . . 

Borax glass 

2. Carbonate ores. (Brown.) 

Ore 

Granulated lead 

Ik)rax glass 

3. Chloride ores. (Brown.) 

Ore 

Granulated lead 

Borax glass 


Assay tons. Grammes. Troy Pfr. 


\ .. 5 .. 96 

4 ..120 .. 1920 

- .. U .. '23 


J .. 5 .. 98 

2 ..60 .. 960 

n 


\ .. 5 .. 98 

U .. 33 .. 676 

- i .. 6 


4. Common ores not containing mucli lead or copper. (Brown.) 

Ore ^ . . 2i 

Granulated lead 2^ ., 75 

Borax glass .. i 


5. Common ores. (Mitchell.) 

Ore 

iSoda . . . . , . . . . 

Litharge 

Borax glass 

Salt cover. 

6. Common ores. (Brown.) 

Ore 

Soda 

Litharge 

Salt cover. 

7. Common ores. ( Aaron.) 

Ore 

Soda 

Litharge 

Borax 

Sulphur 

Flour 

Iron, 3 nails. 

Glass. 

Salt cover. 


1 . . 30 

1 ..30 

5 ..150 

1 ..30 


I ..30 
1 ..30 
1*65 .. 50 


1 ..30 

3 ..90 

1 ..30 

i ..15 

* • • 3 


48 

1200 

4 


4B0 

480 

2400 

480 


480 

480 

800 


480 

1440 

480 

240 

48 

48 


8. Common ores, not psTltic. (Aaron.) 


Ore 1 

Soda 1 

Litharge 2 

Borax, dried .. ,, i 

Flour — 

Salt cover. 


30 

30 

60 

30 

1 


480 

480 

960 

4B0 

16 



338 


AgSAtIN<S. 


Table 140 — continiwd. 


Ingredients. Assay tons. Grammes. Troy gr. 

9. Common ores, not pyritic. (Brown.) 


Ore 

.. .. 3 


30 

480 

Soda bicarbonate 

. .. H 


45 

720 

Potash carbonate 

. .. * 


16 

240 

Litharge 

. .. H 


45 

720 

Silica 

... 1 


30 

480 

B<)rax glass 

. .. 4 


15 

240 

Charcoal 



5 

94 

Salt cover ; i hour in fire. 

10. Copper glance or pyrites. (Brown.) 

Ore 

, . . . 

, , 

24 .. 

48 

Granulated lead 


, , 

76 

12U0 

Borax glass 


•• 

1 “ 

3 

11. Copper matte. (Brown.) 

Matte 

.. .. iV 


2^ .. 

48 

Granulated lead 

.. .. 3 


90 

1440 

Powdered silica 

. . . . 

.. 

14 .. 

24 

12. CJopper, grey ores. (Brown.) 

Ore 

.. .. Vo 


2’ .. 

48 

Granulated lead 

.. .. 2 


60 

960 

Borax glass . . . . 

.. .. — 

.. 

I 

» * • 

6 

13. Iron sulphides. (Brown.) 

Ore 

.. .. i 


.. 

120 

Granulated lead 

. . . , 2’ 


75 

1200 

Borax glass 

.. .. — 



3 

14. Iron oxides, (Brown.) 

Ore . . . , 

.. .. 1 


6 

96 

Granulated lead 

.. .. n 


45 

720 

Silica 


1 

154 

Borax glass 

.. ,. — 

.. 

1 


16. Lead sulphide, (Brown.) 

Ore 

.. .. \ 

,, 

16 

240 

Granulated lead 

.. .. 


45 

720 

Borax glass 



-J- 

i«» • • 

14 

16. Native gold or silver, or very rich ores. 
Ore 

(Brown.) 


24 .. 

48 

Granulated lead 

. . . . 14 


45 

720 

Borax glass 


.. 

4 

4 

ll. Tellurides. (Brown.) 

Ore . . . . 

. . . . Vo 


24 •. 

48 

Granulated lead , 

2 


60 

960 

Litharge 

.. .. Vo 


24 .. 

48 

Borax glass 


.. 

4 

4 

18. Zinc blende. (Brown.) 

Ore 

. . .. i 


5 

96 

Granulated lead 

.. .. 3 


90 

1440 

Borax l^lass 



1 •• 

6 
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Table 141 . — Assay Ton Eqnimlents in Grammes, Troy Grains, and 
Troy Ounces, (Brown.) 

Based on 1 grm. = 15 ‘43235 Troy gr. ; hence 1 assay ton or 
29 166 grin. = 15*43235 x 29*160 — 450 09992 Troy gr. 


A.T, 

Grin, 

Troy gr. 

'I roy o’JL 

1 

1 A.T. 

1 

Grm. 

Troy gr. 

Troy o». 

0-05 

1*458 

22-51)4 


i 2-69 

72-916 

1125-249 

2*344 

0*]0 

2*916 

45*009 

,, 

j 2*65 

74-374 

1147-754 

2*391 

0*15 

4*374 

67*514 


2*60 

75*833 

1170-259 

2*438 

0’20 

6*833 

90*019 

, , 

2*65 

77*291 

1192-764 

2*486 

0-25 

7*291 

112-524 


2*70 

78-749 

1215-269 

2*631 

0-30 

8*749 

135-029 

, « 

1 2*75 

80 - 208 

1237-774 

2*579 

0-35 

10*208 

157-534 

. , 

1 2*80 

81-666 

1260-279 

2*626 

0-40 

11*006 

180-039 


1 2*85 

83-124 

1282-784 

2*672 

0M6 

13*124 

202-544 


i 2-90 

84-583 

1305-289 

2-719 

0-50 

14*583 

225 ■ 049 


i 2-95 

86-041 

1327-794 

2-766 

0-65 

16*041 

247-554 


1 3-00 

87-499 

1350-299 

2*813 

0-60 

17*499 

270-059 


; 3-05 

88-958 

1372-804 

2*860 

0*«5 

18*958 

292-504 


i 3-10 

90-416 

1395-309 

2*905 

0-70 

20*416 

315-009 


j 3-15 

91-874 

1417-814 

2*954 

0-15 

21 *874 

337-574 

, , 

j 3-20 

93-333 

1440-319 

3*001 

0-80 

23*333 

300-079 


! 3-25 

91-791 

1462-824 

3*048 

0*85 

21*791 

382-584 


i 3-30 

96-249 

1485-329 

3*094 

0*90 

26*249 

4U5-089 

, , 

i 3-35 

07-708 

1507-834 

3*141 

0*95 

27*708 

427*594 


{ 3*40 

99-166 

1530-339 

3*188 

1*00 

29*160 

450*()99 


j 3*15 

100-624 

1552-844 

3*235 

1*06 

30*024 

472*604 


1 3*50 

102-083 

1575-349 

3*282 

1*10 

32*083 

495*109 

1*032 

3*55 

103-541 

1597-854 

3*329 

1*15 

33*541 

517*614 

1*078 

i 3*60 

104-999 

1620*359 

3*376 

1*20 

34*999 

640*110 

1*125 

1 3*65 

106-458 

1642*864 

3-423 

1*25 

36*458 

602-624 

1*173 

3*70 

107-916 

1665-369 

3*470 

1*30 

37*916 

585-129 

1*219 

3*75 

109-374 

1687-874 

3*516 

1*36 

39*374 

607-634 

1*266 

3*80 

110-8.33 

1710-379 

3*663 

1*40 

40*833 

630-139 

1*313 

3*85 

112-291 

1732-884 

3*610 

1*45 

42*291 

652*644 

1*360 

3*90 

113-749 

1755-389 

3*657 

1*60 

43*749 

675-149 

1-407 

3*95 

115-208 

1777*894 

3*704 

1*55 

45*208 

697-054 

1*453 

4*00 

116-666 

1800-399 

3*761 

1*60 

40*666 

720*159 

1*500 

4*05 

118-124 

1822*904 

3*798 

1*65 

48*124 

742*664 

1*547 

4*10 

1J9-583 

1846-409 

3*846 

1-70 

49*583 

765-169 

1*594 

4*15 

121 -Oil 

1867-914 

3*891 

1*75 

61*041 

787-674 1 

1*641 

4*20 

122-499 

1890-419 

3*938 

1*80 

62*499 

810*179 

1*667 

4*25 

123-958 

1912*924 

3*986 

1*86 

63*958 

832*684 j 

1*735 

4 -.30 

125-416 

1935-429 

4*032 

1*90 

66*416 

855*189 

1*782 

4*35 

126-874 

1957*934 

4*079 

1*95 

66*874 

877*694 

1*829 

4*40 

128-333 

1980-439 

4*126 

2 00 

68*333 

900*199 

1*875 

4*45 

129-791 

2002-944 

4*173 

2*03 

69*791 

922*704 

1*922 

4*50 

131-249 

2025-449 

4*220 

2*10 

i 61*249 

945*209 

1-969 

4*55 

132-708 

2047*954 

4*267 

2*15 

62*708 

967*714 

2*016 

4-60 

134-166 

2070-469 

4*313 

2*20 

64*166 

: 990-219 

2 063 

4*65 

135-624 

2092*964 

4*360 

2*25 

65*624 

1012-724 

2*110 

4*70 

137-083 

2116*469 

4*407 

2*3') 

67*083 

1035*229 

2*157 

4*76 

138-541 

2137*974 

4*464 

2*35 

68*541 

1057*734 

2-204 

4*80 

J39-999 

2160*479 

4*500 

2*40 

69*999 

1080*239 

2-250 

4*85 1 

141-458 

2182-984 

4*648 

2*45 

71*468 

1102*744 

2*297 

4*90 1 

1 

142*916 

2206*489 

4*595 
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Table 141 — continued. 


A.T. 

Grm. 



■9 

Gnu, 

Troy gr. 

Troy oz. 

4*95 

144*374 

2227*994 

4*642 

7*60 

218*749 

3376*729 

7*038 

5-00 

146*833 

2250*499 

4*689 

7*56 

220*208 

3398*234 

7*080 

6-05 

147*291 

2273*004 

4*736 

7*60 

221*666 

3420*739 

7*127 


148*749 

2295*609 

4*782 

7-65 

223*124 

3443*244 

7*173 

6-16 

160*208 

2318*014 

4*829 

7*70 

2-24 * 5 >* 3 

3466 - 749 

7*220 

5-20 

161*666 

2340*619 

4*876 

7*75 

226*041 

3488*264 

7*267 

5-25 

153- 124 

2363*024 

4*923 

7*80 

227*499 

3510*759 

7*314 

5*30 

164*583 

2385*529 

4*970 

7*85 

228*958 

3 » 533*264 

7*361 

6-35 

156*041 

2408*034 

5*017 

7*90 

230*416 

3566*769 

7*408 

6-40 

157*499 

2430*639 

6*064 

7*95 

231 874 

3578*274 

7*456 

5-45 

168*958 

2453*044 

5*111 

8*00 

233*333 

3600*779 

7*602 

6-50 

160*416 

2475*549 

6*167 

8*05 

234*791 

3623*284 

7*649 

6*56 

161*874 

2498*054 

5*204 

8*10 

236*249 

3645*789 

7*695 

6*60 

163*333 

2520*559 

6*251 

8*16 

237*708 

3668*294 

7*642 

5-65 

164*791 

2643* 064 

6*298 

8*20 

239*166 

3690*799 

7*689 

S *70 

166*249 

2565*569 

5*346 

8*25 

210-624 

3713*304 

7-736 

5*75 

167*708 

2588*074 

5*392 

8*30 

242*083 

3735*809 

7*783 

5-80 

169*166 

2610*579 

6*439 

8*35 

243*541 

3758 314 

7*830 

5*85 

170*624 

2633*084 

6*486 

8*40 

244*999 

3780*819 

7*877 

ft -90 

172*083 

2655*589 

6*532 

8*45 

246*458 

3803*324 

7*924 

6-95 

173*541 

2678*094 

6*579 

8*50 

247*916 

3825*829 

7*970 

6-00 

174*999 

2700*579 

6*626 

8*55 

249*374 

3848*334 

8*017 

6-06 

176*468 

2723*084 

5*673 

8*60 

250*833 

3870*839 

8*064 

6*10 

177*916 

2745*589 

6*720 

8*65 

252*291 

3883*344 

8*111 

6*15 

179*374 

2768*094 

6*767 

8*70 

253*749 

3915*849 

8*158 

6-20 

180*833 

2790*599 

6*814 

8*75 

255*208 

3938*354 

8*206 

6-26 

182*291 

2813*104 

6-861 

8*80 

256-666 

3960*859 

8*262 

6*30 

183*749 

2835*609 

6*908 

8*85 

268*124 

3983*364 

8*299 

6-35 

186*208 

2858*114 

6*954 

8*90 

259*683 

4005*869 

8*346 

6*40 

186*666 

2880*619 

6 *(.01 

8*95 

261*041 

4028*374 

8*392 

6*46 

188*124 

2903*124 

6*048 

0*00 

262*449 

4 ( 160*879 

8*439 

6*60 

189*683 

2925*629 

6*096 

9*05 

263*958 

4073*384 

8*486 

6*65 

191*041 

2948 134 

6*142 

9*10 

265*416 

4095*889 

8*533 

6*60 

192*499 j 

2970*639 

6*189 

9*15 

266*874 * 

4118*394 

8*580 

6-65 

193*958 

2993*144 

6*236 

9*20 

268*333 

4140*899 

8*627 

6-70 

196*416 

3015*649 

6*283 

9*26 

269*791 ! 

4163*404 

8*674 

6-76 

196*874 

3038*154 ! 

6*329 

9*30 

271*219 

4186*909 

8*721 

6 * fc 0 

198 333 

3060*659 1 

6*376 

9*36 

272*708 

4208*414 

8*768 

6*86 

199*791 

3083*164 1 

6*423 

9*40 

274*166 

4230*919 

8*814 

6*90 

201*249 I 

3105*669 ! 

6-470 

9*46 

276*624 

4253*424 

8*861 

6*95 

202*708 1 

3128*174 j 

6*517 

9*50 

277*083 

4275*929 

8*908 

7*00 

204*166 ' 

3150*679 j 

6*564 

9*66 

278*641 

4298*434 

8 955 

7*06 

206*624 1 

3173*184 ■ 

6*611 

9*60 

279*999 

4320*939 

9*002 

7*10 

207*083 1 

3196*689 

6*658 

9*65 

281*468 

4343*444 

9*049 

7*15 

208*641 j 

3218*194 I 

6*706 

9*70 

282*916 

4365*949 

9*096 

7*20 

209 999 1 

3240*699 i 

6*751 

9*75 

284*374 

4388*464 

9*143 

’ 7*25 

211*458 1 

3263*204 ! 

6*798 

9*80 

286*833 

4410*959 

9*189 

7*30 

212*916 1 

3285*709 ! 

6*845 

9*85 

287*291 

4433*464 

9*236 

7*35 

214*374 , 

3308-214 i 

6*892 i 

9*90 

288*749 

4466*969 

9*283 

7*40 

216*833 I 

3330*719 j 

6*939 1 

9*96 

290*208 

4478*474 

9*330 

7*45 

217*291 , 

1 

3353*224 

6*986 I 

^ II 

10*00 

291*666 

4500*979 

9*377 


By using this system, calculation of gold and silver values of an 
ore becomes very simple. 
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Assay Ton equivalents — continued. 
Ex. 1. — Amount of ore taken .. 
Amount of test-lead used 


Weight of gold and silver bead .. 
„ silver in 1 J A. T. lead 


True weight of gold and silver bead 
Weight of gold in the bead 

Weight of silver in the bead 


^ A. T. 

n » 

Morm. 

8-50 

•25 


7*15 X 5 = 35*75 = 85J mgrm. = 35f oz. silver per tmi of ore. 
1 10x5 = 5*5 = 5J mgrm. = 5 J oz. gold per ton of ore. 

Ex. 2. — Amount of ore taken i A. T. 

Amount of test-lead used 1 „ 


Weiglit of gold and silver bead .. 
Weight of silver in test-lead 

True weight of gold and silver bead 
Weight of gold, laint tiuce . . 


Weight <»f silver in the bead 


i A.T. 

1 

Mgrm. 

231*90 

0*00 

231-90 

0*00 

231*90 


231 ’9 X 2 = 403*8 = 463/^ mgrm. = 4G3 j*^oz. silver per ton of 
ore. • (Brown.) 


Clipper, 

(a) Native Ore . — Into a crucible put — 


Ore 

Sixlii bicarbonate 
roiash carbuiuLte 
liurux glass 


Grammes. Troy gr. 


Cover with i-in. salt and 1 in. wood charcoal ; heat intensely for 
20-30 minutes ,* cool, bi eak crucible, clean button from slag ; 
divide weight of button by 10 grm. or 160 gr. and multiply by 100 
for percentage of copper. 

(6) Oxides and Carbonates, free from sulphur . — Into a chalk-lined 
crucible put — 



Grammes. 

Troy gr. 

Ore .. .. 

, ..10 

100 

lilack flux substitute (10 parts 

soda 


bicarbonate, a wheat flour). . . 

. ..30 

480 

Borax glass . . 

. .. 6 

80 

Argol 

. .. 2 

32 


Cover with salt and charcoal as (a) ; heat gradually 20 minutes, 
and to white heat for 40 ; remove, tap, and cool. 
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Copper — coiitinued. 

(c) Sulphides, containinff antimony, arsenic, lead, merenry, zinc, d;c , — 
In order to coriccnirato nil the copper into a matte, and eliminate 
lime or baryta gangues, mix — 

Grammes. Troy gr. 

Ore, according to richness .. .. ,, 10-30 100-4 80 
Borax glass 8-24 128'-.384 

Add a couple of iiaila if lead in present ; also 2~Cgrm. (32-96 gr.) 
iron pyriteB frc'-e from cop])cr, unless present in the ore to some 
extent. Use, a sail cover; tuso hi hot lire; remove nails when 
finished, cool, iireak away slag. 

Next roast tlu^ matte witli extreme care, using coke and no 
silica, so as to (ixjxd snlphur and volatile metals, and convert 
copi>er into an oxide. 

To reduce the oxi<le to mehil, mix — 

Grarritncs. Troy gr. 


Boasted ore 30 480 

Black flux substitute (10 jwrts stxla 

bicarbonate, 3 wheat Hour) 90 1440 

Borax glass l.'i 240 

Li nil' glass 7’- 120 

Bed oxide <d’ iron 3 48 


introducing first into the crucible a mixture of the ore, iron oxide, 
and one- third the black fiux substitute; when settled down, add 
the rest of the black fiux substitute, borax glass, lime glass, ami 
salt cover successively, laying on all a piece of coal, the size of a 
hazel nut. Gradually miso heat to intensity; remove, cool, 
detach button, weigh and estiniat(3 if malleable ami apparently pure. 

If not pure, heat two large cupels in a muffle ; place in each 
3 grill. (48 gr.) ]»iire lead, and close mutfie; wlien load is melted, 
put the impure button (a) in one cupel and a pi(!ce of pure copper 
(6) of sam (3 weight in tlie other. On their ‘"brightening,” cover 
cupels with coke or coal-dust, take out and cool in water. Add 
loss sustained by b to both, and compare. 

(d) Ail Ores, or Alloys . — This is an electrolytic (wet) process, 
preferable to all the others. Place 1 grm. of rich ore (over 20 per 
cent.) or 5 grm. of poor (under 20 per cent.), very finely ground, in 
a casserole, cover with watcli-glass, and add 10 c.c. pure concen- 
trated nitric acid from a pipette. Heat in sand bath for some 
time; when cold add 5 c.c. pure concentrated sulphuric acid, and 
boil till red fumes give way to white. When cold again, add 
50 c.c. distilled water, stir, warm, and put by to settle. Filter off’ 
the clear solution, which should contain all the copper. Collect 
the filtrate in a clean glass beaker, and place in the beaker a per- 
fectly clean and previously dried and weighed platinum dish or 
piece of foil. Connect with a two-cell Bunsen or Daniel] Imttery, 
coupled for intensity. In about 10-12 hours, the electiic current 
will have decompostnl the solution, and causi^d a deposition of 
metallic copper on the platinum foil. This need only be dried and 
weighed. 
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Lead, 

(а) Sulphides, — Mix — - 

Grammes. Troy gr. 

Ore 10 160 

Potash cyanide 30 480 

cover with salt in crucible, fuse for J-hour; the lead comes out as 
a clean malleable button. Avoid unnecessary heat. 

(б) Coi'honates and Oxides > — Fuse — 

Grammes. I’roy gr. 


Ore . 

10 

160 

Soda bicarl )on.ate 


240 

Potash carbonate .. 

6 

80 

Argui 

5 

80 


under a salt cover, in a crucible, without lid if in muffle, heating 
gradually for tii-st i-hour. Cool under lid, or pour. 

Tin. 

{a) Pack 5 grm. potash cyanide into the lx)ttom of a crucible; 
tlu'u charge with 10 grm. ore mixed with 40 grm. cyanide ; cover 
with 5 grm. cyanide, and fuse f-hour. The button comes out 
clean, bright, and frt'C from iron ; the impurities collect in the 
slag at the bottom of ibe crucible. The result is about J per cent, 
under that of chemical analysis. Associated minerals affect the 
result but little. 

(^) Intimately mix and put in a clay crucible — 

Grammes. Troy gr, 

Oro 5 HO 

Cbarcoal dust f-l 12-16 

Covering with black flux or substitute 

(2 paits }X)tas-soda carb., I part flour) 12J-15 20n-240 

Borax glass l-li 16-20 

adding a salt cover and finally a piece of charcoal. Apply the lid, 
heat moderately at first and increase till boiling ceases, then at a 
white heat for |-f-hour. Cool and break. The button comes out 
almost as well as in (a) and the result is nearly as accurate, while 
the cost is much less. 

(c) Separation of Tin and Antimony. — (1) The powdered ore or 
slag is introduced into a nickel crucible and intimately mixed with 
about 10 times its weight of a mixture of sodium carbonate and 1 
of borax, the decomposition being brought about by the application 
for a few minutes of a full red heat from an ordinary foot blow-pipe. 
When all necessary reaction has terminated, the contents may be 
poured on an iron slab. The melt thus obtained is readily and 
completely discoloured by a little dilute HCl, introduced into a 
flask of known capacity, together with the small quantity which 
still adheres to the sides of the crucible, which is readily detached 
by pouring in a further quantity of dilute acid and gently warming. 
The contents of the flask are diluted to the containing mark, and a 
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Tin — coBtinued. 

known quantity is withdrawn by a pipette, which is received into 
an aooompaiiying flasks and saturated with a stream of SH, gas. 
Tin, antimony, and similar metals of the same group, are precipi- 
tated as sulphides ; the mixed precipitates are filtered and collected 
by a plug of cotton inserted in the neck of a glass funnel. The 
cotton with its contents after being once washed is dislodged and 
received into a vessel containing a strong solution of NallO, raised 
to and maintained for a few minutes at boiling point, tlie tin and 
antimony sulphide passing into solution as sulphostanimte and sul- 
phoantimoniate of soda. 

The soluble tin and antimony compounds thus obtained are 
separated by refiltering as in the previous filtration, and divided 
into two separate portions, being received for convenience sake into 
two flasks, and labelled A and B portions ; to the A jiortion is in- 
troduced a somewhat large excess of oxalic acid, and the solution is 
allowed to boil until the small quantity of antimony sulphide that 
remains presents a pure orange-red precipitate, characteristic of 
that compound : the precipitate being collected in the usual 
manner and decomposed in a porcelain crucible at a very low red 
heat, weighing as 81)304 and calculating to percentage of antimony. 

To the second, or B portion, is added an excess of dilute HCl, 
and the whole is gently warmed; the reprecipitated suli)hide thus 
obtained is treated precisely the same as in the previous instance, 
weighing as oxides, the total percentage of tin being obhdned by 
deducting the former weight of precipitated oxide obtained from 
the A portion from that of the mixed oxides obtainable from the 
second or B portion, and calculating by its respective formula. 

The speed and accunw’y obtainable largely depend upon the 
judicious use of the borax, whereby not only a most readily fusible 
compound is obtained, but at the same time readily soluble in 
acid. (H. N. Warren.) 

( 2 ) The sample must first be reduced to as fine a condition as pos- 
sible and in the case of a type metal, this is easily accomplished by 
paring with a knife. A weighed quantity of the sample is taken, 
placed in a beaker, and treated several times with concentrated 
JdNOa, evaporating nearly to dryness after eacli treatment. By 
this operation the 8b and 811 are converted into insoluble oxides. 
Eemove to a filter aud wash well with boiling water. After re- 
peated washing with the water, treat a™n with HNO,, and 
evaporate tt> complete dryness. Ignite to destroy the filter paper, 
transfer to a silver crucible, and ignite the residue with about 8 
times its weight of pure NaOH. This fusion is best accomplished 
on a sand bath. If a higher temperature be employed, there is a 
danger of losing some of the substance, owing to the “ spitting 
which will take place. The fusing must be continued until the 
mass is completely liquid. Allow to cool and treat with hot water 
in a beaker, to dissolve out the tin, add rather a large quantity of 
water, then alcohol to about a third of the bulk of water used, and 
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Tin — continued. 

allow to stand for 24 hours, with frequent stirring. Filter and 
wash well with 1 vol. alcohol to 2 vols. water. Fuse the insoluble 
again with NaOH as before, and repeat the treatment with hot 
water and alcohol, allowing to stand again for 24 hours as before. 
Filter and wash repeatedly with equal bulks of alcohol and water. 
Add the filtrates together = Filtrate No. 1. 

Tlie insoluble jx)rtion is now treated with a saturated solution of 
tartaric acid, to which a few drops of HCl have been added. 
This dissolves out the 8b, leaving behind any other impurity 
which may be present. Dilute largely with water, and pass SH, 
gas, until the Sb is completely precipitated. Filter and dissolve 
precipitate in HNDj, transfer to a porcelain crucible, and evaporate 
with fuming HN’Og. This evaporation, which must be repeated 
several times, drives off the free sulphur, destroys tlie filter paper, 
and oxidises the sulphide of antimony to SbjO^. Dry and weigh, 
multiply the weight by • 7893. The result is the weight of metallic 
Sb in the quantity of the sample taken. 

Filtrate No. 1. — This contains the whole of the tin in solution. 
Evaporate to about J of its bulk ; add a few drops of HCl, and 
pass 8U2 gas to precipitate the Sn as SnSj. To ohtairi complete 
separation of the Sn, some is necessary, the HCl must be but 
slightly in excess, and the solution must be kept hot to facilitate 
the foimatioii of the sulphide. The best way to do this is to boil 
the liquid fiist, then saturate with the gas and boil again, repeating 
this process until the whole of the Sn is priicipitated ; filter, wash 
well with w'aler, and ignite, allowing free access to the air. Weigh, 
and multiply by * 7866 ; the result equals the weight of metallic tin. 

The great advautijge of this method is the sligiit liability to loss, 
owing to the very insoluble nature of the precipitates. The manual 
dexterity required is not very great. The one chief drawback to 
the method is the length of time required to perform the entire 
operation, but tliis is amply compensated for by the accuracy of the 
results obtained. (^Chemical Trade Journal Prize Essays.') 

Auriferous Mineral. (Ji.) (A. F. Crosse.) 

(Continued from p. 331.) 

The following method is of great practical utility in determining 
the milling value of an auriferous ore, and at the same time indi- 
cating in outline the process likely to be best adapted for its 
treatment. 

The mineral is prepared in the usual way so that it will pass 
through a 900-me8h sieve. One sample (A) is subjected to the 
ordinary fire assay in order to determine the whole amount of gold 
present. A duplicate sample (B) of, say, 1000 gr., is mixed with 
water, and shaken up for some time either in a well-closed copper 
vessel amalgamated inside, or in a wide-mouthed glass-stoppered 
bottle containing bits of amalgamated sheet copper, taking care 
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Auriferous Mineral — continued. 

to avoid excess of mercury and any possibility of leakage. The 
residue (C) after continued shaking (when all free gold has 
become absorbed by the amalgamated surface) is poured into a 
filter, dried, and assayed. The difference between the fire assay 
of 0 and that of A will give the percentage of free amaljarnable 
gold present in the ore. 

The next step is to determine how much of the gold in the 
residue G is locked up in pyrites and how much is “ float gold. 
For this purpose a duplicate sample of the residue C is weighed 
into an elutriator, or sort of miniature spitz-Zcasten, being a 
conical vessel 7~8 in. high, with two holes, one near the bottom 
for admitting water, and a second at tlie bottom for letting 
out the water and ore after treatment. Water is furnished from a 
tap by means of a tin or rubber tube held in a clamp, the rate of 
flow being so adjusted that tlie level remains fairly constant. Tlie 
stream being very slow and regular, it may bo f^afely reckoned 
that all gol(l washed away by it would be similarly lost on any 
known form of concentrator. 

The “ float gold ” (D) being thus washed away with the slimes, 
a fire assay of the concentrates (E) remaining in the elutriator 
will reveal by difference how much of the non-amalgamable gold 
is in pyrites and how much is float gold. Thus — 

Gold por ton. 

07.. dwt. gr. 


Original sample A gave. . 1 1 0 


Of this amount — 

Residue B gave 0 5 12 

Therefore, umalgamable gold =: 0 15 12 

Of the 5^ dwt,, thrre were found in E 0 2 12 

which is presutnahly pyritous, 

Leaving a balance of U 3 0 


being float gold that escaped wiih the ^li)lK>^. 
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Acids and Alkalies on Metals. 
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Action of Acid and Alkaline Solutions on Metals, (lAinge.) 

At ordinary temperatures, and with exclusion of air, the action 
of sulphuric acid, pure or commercial, at strengths of (>0° to 50® 
B., is very insignificant on cast iron, and noteworthy difierences 
as regards the various qualities of iron could not be distinguished. 
At the iMjiling point of w'ater the action is much gn-ater, that of 
acid at GG® B. being the slightest, that of acid at GO® B. IJ 
times greater, and that of acid at 50® B. three times gre ater. 

The differences at the boilujg points of the acids are much 
more decided. Acid of GG® B. has little more action at its boiling 
point (295°) than at 100® ; acid of GO® B. acts at its boiling point 
(200®) on the average 14 times stronger than at 100®, and 20 
times stronger than the GG® acid at 295®. The 50® B. acid, which 
at 100® acts twice as strongly as that of G()® B., acts at its boiling 
point (147®) less strongly tlian that of GO® B. at 200®. 

As to the action of monohydrated sulphuric acid upon cast 
iron, wrought iron, copper, and lead, at common temperatures 
and at 100® there is very little action, either uj)on cast or wrought 
iron, if air is excluded. Copper and lead are strongly attacked at 
common temperatures — lead more than copper. At 100®, lead is 
scarcely more affected than at 20®, wliiJe copper enters into 
viob nt reaction, with escape of sulphurous acid. 

With saturated stdutions of sodium chloride and ammonium 
chloride upon the same metals. Bodium chloride attacks slightly 
in all cases, but quite perceptibly, especially on cast iron, and at 
higher temperatures on lead. The action of ammonium chloride 
is much stronger. Contrary to the common opinion, load is much 
niore attacked in the cold by a strong solution of sal ammoniac 
than iron. At a boiling heat it resists far better than iron, but 
far worse than copper. 

Caustic soda has little action upon iron at 15® and 100®, but 
more upon wrought iron than cast iron. Ui)on copper the action 
is more considerable, and upon lead still more so if the lye is 
dilute. Sodium sulphide, even in dilute solution, has a much 
stronger action upon iron and copper. Upon lead the action is 
sliglit, even at 100®. Sodium sulphate has little effect upon 
copper and lead, but its action upon iron is considerable. 
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Table 145. — WeifiJd of Various Rolied Metals in lb, per lineal ft. 


Size of 

Iron. 

Phosphor-Bronze. 

Bull's Metal. 

Bar . 

Square 

Round. 

Square. | 

Round. 

Square 

Round, 

in . 

i 

•209 

•164 

•24 

•19 

-225 

•m 


•326 

• 2,56 

•38 

•30 

•353 

•278 

\ 

•470 

■.369 

•55 

•43 

•610 

•400 


•640 

•502 

•74 

•58 

•690 

•641 

\ 

•835 

•656 

•97 

•76 

•902 

•708 


1-057 

•831 

1-23 

•96 

1*144 

•895 

i 

1-305 

1*025 

1-52 

1-19 

1*412 

1*107 

1.1 

1-579 

1*241 

1*83 

1-44 

1-70 

1-34 

f 

1-879 

1*476 

2-18 

1-72 

2-03 

1*60 


2-205 

1*732 

2*56 

2-01 

2-38 

1-86 

i 

2-556 

2'011 

2-97 

2-33 

2-76 

2-17 

ii 

2-936 

2*306 

3*41 

2-68 

3*17 

2-49 

1 

3-34 

2-62 

3*88 

3-05 

3-61 

2-83 


3-76 

2-96 
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3-44 

4-07 

3-20 

n 
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liV 
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li 
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4-43 


5-77 
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6-23 

4-87 

If 
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4-96 
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6-37 
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6-41 
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A—Suitable for wrought iron, rolh d Muntz metal and cast pbosptsor-bronze. B— -Suitable for mild steel and forged Bull’s metal. 
Q — Suitable for superior steel, rolled Bull's metal and rolled pl’oephor-brtjnze. 

D-~SuI table for cold rolled steel, cold rolled Bull's metal, and cold rolled phosphor-bronze. 
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VALUING METALS AND OEES. 

Aluminium . — The mineral worked flf» a source of the metal 
should be as free as possible from iron, and as rich as possible in 
alumina. Cryolite, consisting when pure of 13 per cent, aluminium, 
combined with 54 of fluorine and 33 of sodium, is always more or 
less contaminated with iron and silicon compounds which give 
much trouble ; when the total impurities reach 20 per cent, the 
mineral is commercially worthless. Bauxite, Jilfording about half 
its weight of alumina, is liable to the snm(3 faults. Average 
samples will show 55-58 i)er cent, alumina, 3-20 per cent, silica, 
2-25 per cent, iron oxide, 11-30 per cent, water; the maximum 
figures of silica and iron low(‘r the value greatly. The same may 
be said of kaolins as a source of the metal. 

Aluminium should contain no silica or iron, but it may safely be 
said that all found in commerce docs contain both. The silica 
occurs in two forms — as a silicide of aluminium and in the graphi- 
toidal form. Commercial brands show the following composi- 


tion : — 

Alnminium 05—99*30 

Ir«in *0.3— 3*25 

Silicon combined •23—1*75 

»» graphitoldal *13 — 1*35 

0 Copper nil— *10 

Sodium «. .. nil — *30 

Lead nil — *04 


Antimony . — Ores of antimony, the oxide and sulphide, are sold 
on a basis of 45 per cent, of metal, the market value per ton 
being of course liable to fluctuate in sympathy with the current 
price of the metal. Tliese fluctuations are apt to be sudden and 
considerable. Each unit above 45 per cent, is worth so much per 
ton extra, say 85. to 9a. per unit when the standard is worth 25L 
a ton ; while ore carrying less than 45 per cent, is subject to a 
discount at the same ratio, so that with a poor ore it is obvious that 
a limit is soon reached when the price becomes a negative quan- 
tity. Other conditions, such as size and impurities, further affect 
the market value. Thus, in dressing the ore it is essential that 
it should not be reduced in size much below that of hazel nuts. 
Of the impurities, especially in the sulphide, the worst is lead ; 
1 per cent, of lead will often make an otherwise good ore unsaleable. 
Copper, arsenic, and zinc are also objectionable, and reduce the 
value. Silver adds to the value if in appreciable quantity. The 
usual basis of sale is the assay value of metal computed on the dry 
ore. Nevertheless, smelters often prefer to base their offer for a 
parcel on the result of an actual smelting of a sample of two or 
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^n^tmowT/— con tinned . 

three cwt., which enables them to judge of the behaviour of the 
ore in tlie furnace, whether it yields its metal readily, and does 
not suffer mtieh loss in the slag. 

Copper , — Though a large proportion of the copper and copper 
ores now brought into the market are sold by assay, the antiquaU'd 
and cumbersome system of “ ticketing ” still survives sufficiently 
to demand description here. 

“ Ticketings,*’ as lield in Cornwall and Wales, are periodical 
auctions, at w^hich buyers make bids (written on tickets) for such 
parcels of ore as they may have previously sampled and assayed. 
The value of the parcel is worked out as follows. 

The “ standard ” is the actual value per ton of twenty-one cwt, 
of the fine copper contained in the ore, which is made up of the 
price paid for it added to the “ returning charges,’' or cost incurred 
in extracting it from the ore. Then the market value of the pai*cel 
of ore is the amount arrived at by reckoning the ‘‘settled 
produce ” or fine copper yielded by it at standard, and deducting 
the returning chargcis. These latter vary. In Cornwall ihey are 
fixed at 558. per ton of ore, whether the ore is rich or poor. In 
Swansea they vary with the character of the ore, and consist of 
two items, one being a fixed rate of 128. 2d. per ton of ore, and 
the other a charge of 3s. 9d. per unit of metal in the ore. The 
following examples calculated out will make the matter clearer ; — 

A. Finding Standard, — (Cornwall). 

328 tons ore gave 21 tons fine copper, or about 6*4 per cent. 


328 tons X Sfij}. retunilng chargc8= 902 0 0 

Ticket offer for parcel = 820 0 0 

21 tons fine copper Into 1722 0 0 

Gives a stiinfiard of .. .. £82 0 0 per ton.’ 


B. Finding “ Value ” of Parcel, — (Corn'wall). 

76 tons ore at 4 ’66 per cent, = 3*46 tons fine copper. 

Ddultiplied by .. .. «. ., 82Z. per tun. ^ 

282 18 0 

Less returning charges at 65«. on 76 tons = 209 0 o 
Value of parcel = £7.3 18 0 


C. Finding Returning Charges ” — (Swansea). 

Ore at 5*75 per cent. 

Fixed charge = 0 12 2 per ton. 

Sliding charge at 33. 9(2. per unit on 6*76 «/o = 116 „ 


Total returning charges = £l 13 8 
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Copper — con ti nued. 

The presence of *25 per cent, arsenic, or of -Ol-*! per cent, 
antimony, bismuth, or sulphur, or of 1-2 per cent, lead, is 
injurious. For electrical purposes, lead renders it unsaleable; 
but for many purposes a sm^l amount of arsenic does not affect the 
value. 

Iron . — Phosphorus is the most harmful impurity, and next ranks 
sulphur. An appreciable percentage of either will condemn a 
sample. 

Lead. — Antimony, silver, and zinc are all detrimental. For 
pigment making, the presence of zinc does not so much matter, 
as the salt is white. For sheet lead for chemical manufacturers’ 
purposes, the impurities named must be absent. Zinc not only re- 
duces the value of the lead produced, but it also causes losses of 
metal by volatilisation and formation of fume. Antimony and 
arsenical pyrites are even more troublesome in this respect. 
Barytes interferes with the smelting operations and increases the 
consumption of fuel. The ore is valued for its lead contents per 
ton of 21 cwt. dry. Many lead ores contain silver. This does not 
add to the value of the sample unless it exceeds 5 oz. per ton. 
Against the assay value of the ore there is deducted a “ returning 
cliarge,” which varies according to the cost of fuel, rates of carriage, 
&c., and generally ranges between 21. and 3/. a ton. 

Manganese . — For Spanish and similar ores, the normal strength 
is 70 per cent. Mii Og in the ore dried at 212'-^ F. ; which means 
that 100 parts hy weight of the ore liberate ns much chlorine as 
70 parts of pure Mn Og would do. The price of such ore fluctuates 
generally around 4Z. per ton, with an addition or deduction of 
28. 6d. per unit for higlier or lower quality, the minimum being 
usually 65 per cent. In the case of German ores, the normal 
strength is 60 per cent., the minimum 57 per cent., and the price 
per unit 28. up or down. Of im})urities, the most injurious are 
carbonates (of lime, &c.), as they not only consume hydrochloric 
acid, but also evolve carl)onic acid, which has a most deleterious 
effect in bleaching-powder manufacture. The physical character 
of the ore is of some consequence, the soft varieties being most 
easily soluble in the acid, and therefore preferred. Some liigh- 
grade ores are so hard as to consume an excess of acid and steam, 
which greatly lowers tlieir market value. 

Nickel . — The presence of copper is highly injurious, as it cannot 
be sepiirated except by wet process. Nevertheless, scarcely any 
ores are entirely free from copi)er. 

Tin . — The confusing and old-fashioned method of computing the 
value of tin ore, by wliich the ignorant seller was robbed of at 
least one-third of tlie worth of his parcel, is now replaced hy an 
accurate assay ; the percentage of pure tin being worked out as 
tin oxide (black tin). 

Tiie presence of titanium dues not affect the value to any 
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Tin — continued. 

extent ; but tungsten lowers the value ; though, when a market 
can be found for the product, the ore may be freed from tungsten 
by treating with soda sulpliate, and washing out the soda 
tungstate. 

Zinc , — The chief deleterious ingredient of zinc ores is lead. The 
only ores absolutely free from lead are those from Lehigh. All 
others contain some small proportion, say ’01 per cent. Antimony, 
arsenic, cadmium, copper, iron, and lead are injurious both in the 
roasting of blende and in the subsequent distilling of the oxide* 
The smelter who buys blende or calamine bases his estimate of the 
value of a parcel of ore to him in somewhat the following way. He 
takes the market price of spelter, which may be assumed at 20L a 
ton ; from this he deducts iSl. per ton as the cost of smelting. Then 
from the zinc contents of the ore by assay, say 45 per cent., he 
deducts 16 per cent, if blende or 10 per cent, if ctilamine, as being 
the proportion of metal which will be lost in the slags and vapours, 
so that he has 30 or 35 per cent, of metal which he can reckon on 
extracting. Thus the market value of the zinc product of the ore 
is arrived at by a rule of three sum, e. g., 

As is worth 14L a ton, then is worth il 4«. 

But as the smelter must make a profit, he otfers such a figure below 
4/. 48. as will leave him the margin he desires. When the ore is 
very impure, more than 15 per cent, will be lost in the slags, &c. 
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EOASTING PYEITES. 

The practice of roasting pyrites is almost as old as the gold- 
mining industry itself, and its importance is increasing rather than 
diminishing. It is true that some of the recently introduced 
chemical processes for recovering gold from sulphides have 
achieved a measure of success, but at present tll^^y are too costly 
to warrant their application to the tliousands of tons of low-grade 
sulphiirets being annually produced, and therefore it may be truly 
said that the problem of oheajdy extracting small percentages of 
gold from refractory ores remains unsolved by them. About the 
sweet-roasting of auriferous sulphides and arsono-sulphides as a 
preliminary to amalgamation, there is the charm of simplicity, 
and hence it comes that the leading autluuities of the day are 
looking to the invention of an improved furnace as the only effi- 
cient solution of the difficulty which is responsible for many mines 
being shut down or abandoned, and which is curtailing the income 
of almost every one. There is to-day certainly no subject con- 
nected with gold-mining which demands more careful consideration. 

An experience of over 20 years witii numeious forms of pyrites 
furnace leads the author to believe that in many instances the 
simplicity of the process has been the stumbling-block ; that is to 
say, that operations have been undertaken with too little attention 
to the needs of the case. No doubt the liberation of sulphur and 
arsenic from an ore by mt'ans of heat is a very easy matter. A 
low temperature only is necessary, and the exmsumption of fuel is 
minimised by the fact that the sulphur and arsenic can be made 
to support their own combustion. For instance, in the sulphuric 
acid industry, wlicre the primary object in roasting the pyrites is 
to recover the liberated sulphur as sulphurous oxide (except where 
the cinders ore treated for copper), the ore is burned in thick beds 
in furnaces without any fuel whatever, the oxygen of the air 
admitted sufficing to support the combustion of the sulphur. 
In theoiy, while the combustion of coal produces a temperature of 
2787^^ C., the combustion of iron pyrites should produce at least 
1000° C., which is a higher temperature than is necessary for the 
operation, and allows a liberal margin for waste and imperfect 
combustion. 

In the sulphuric acid makers* pyrites-kiln we have the simplest 
phase of the operation of sweet-roastiug. The ores used, too, differ 
but slightly in their essential composition ; yet even here, varia- 
tions in the physical characters of ores will demand radically 
different types of furnace. Then it may be easily imagined that 
where the foremost object of the roasting is rather the destruction 
than the utilisation of the sulphur, followed by treatment of the 
cinders or residue for the recovery of very small proportions of a 
very valuable constituent, and where the oompositions and charao- 
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ters of the ores dealt with are widely divergent, a new set of con- 
ditions are introduced. 

In the first place, the oxidation and removal of the sulphur, 
arsenic, &c., must be complete and not merely partial ; imperfectly 
decomposed pyrites is worse than unroasted for causing the mercury 
to flour, and thereby creating a loss of gold and amalgam. The 
conditions necessary to ensure sweet-roasting are a sufficient tem- 
l>erature, an abundant supply of fresh air, and an effective rabbling 
or distribution of the ore. Indications of perfect roasting are, that 
the hot ore emits neither sparks, fumes, nor odour on being 
stirred. 

The effect of too little heat being employed will be not only that 
the ore is not sweetened, but that some of the freed gold may 
become coated with a film suflicient to repel the mercury. 'Too 
high a temperature, on the other hand, may cause a caking or 
fritting of the particles, and, in the absence of a full supply of air, 
a slag of mono-sulj)hide of iron may form, from which the recovery 
of the gold would be more difficult than before. Sometimes sand 
is introduced to prevent caking, and charcoal to promote decom- 
position, the carbon combining with the sulphur; but neither 
should be necessary, and the latter would be positively detrimental 
in presence of antimony or lead. 

Now let us see what means have been adopted on the various 
gold fields to achieve the sweet-roasting of the auriferous sul- 
phurets. 

Foremost in point of popularity is the reverberatory furnace of 
multitudinous forms. Here the crushed ore is fed automatically 
or by hand (often the latter) into the upper portion of a slightly 
inclined chamber, and is gradually worked down the slope, by tiie 
periodical introduction of a rabbling tool through side doors in the 
chamber, always enamntering a stream of hot gases from a fire- 
place at the bottom of the slope. The disengaged fumes from the 
ore are carried away into flu(‘s and condensers by the flow of 
products of combustion from the fireplsce. The great and glaring 
faults of this system may be catalogued thus : — 

(1) Excessive consumption of fuel. 

(2) Employment of much labour. 

(8) Slowness of operation, which is largely due to — 

(4) The fact that only the surface of a body of ore is exposed to 
the oxidising influence, while— 

(5) The current of “ air which is to effect the oxidation is first 
robbed of its oxygen to support the combustion of the fire in the 
fireplace, so that the oxidising current is chiefly composed of 
carbonic acid 1 

The practical result of all this blundering is that the operation 
costs lOs. to 20«. a ton for wages and 8«. to 15«. a ton for fuel, and 
the total expenses would not be covered by 1 oz. of gold per ton. 
But the efficiency may reach as high even as 98J per cent. 

A step in advance was the revolving cylinder. In thfa 
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survives to the full extent ; faults (1), (3), and (4) are moderated, 
while fault (2) is replaced by a new one, viz. the expenditure of 
power in causing the cylinder to revolve. 

The rotaiing-bed furnaces perpetuate many of the errors of the 
revolving cylinders, but to Sfjrgeant and Flude’s belongs the merit 
of being the first to provide an independent (but intermittent) 
supply of heated fresh air for oxidising purposes, tlie ore being kept 
distinct from the products of combustion derived from the fire. 
Moreover, the inventors utilise the sulphurous acid evolved. 

Next come the shaft furnaces, two forms of whi(‘h are exten- 
sively used, each giving satisfaction in its particular range of 
application — the (jerstenhofer in Europe and the Stetc fcldt in 
America. These are really reverberatory furnaces in principle, 
only built vertically instead of horizontally. 

(JerstenhOfer’s furnace carries out to the full the principle of 
making the pyrites support its own combustion. The powdered 
ore falls down a shaft, its descent being delayed by a^. ^'ube^* of 
crossbars which break up the stream and help to 
posure of every parti(de to the rising current of air j ' ‘ “ * 
base of the shaft. When the furnace has once been heat(.*d il 
redness, no further fuel is needed to njaintaig V The p^ration. ^ 
oxide generated is utilised for making 3 § ^ ^-^aoi^^^ pyrites ^ 
is the main object of the furnace, thoug*^ 5 Tuund ^afi® / 
tant sphere of usefulness in dealing wil^ Anes ” at ciunfebait^ 

works. From the gold-miner’s point of vifT^^ I chief fault seems 

to be that the temperature is not suflioienl’^jimder control, and 
that there is frequently a sintering of the ore, ’^^bich is checked by 
adding spent ore to the charge. 

Stetefeldt’s furnace was designed for cbloridising silver ores. It 
consists of a plain shaft, down which the ore falls in a thin steady 
shower, encountering the heated va}) 0 ur 8 and products of combus- 
tion from fireplaces at tlie base, and currents of cold air admitted 
from the sides. This furnace has done excellent service in the 
silver industry and has a world-wide reputation, but is not with- 
out faults. Thus, the unimpeded fall of the ore renders its passage 
too rapid for complete oxidation to take place, added to which the 
gases from the fire mingle with the ore, and necessitate the 
admissiem of a large extra supply of oxygen, which, entering as 
cold air, reduces the temperature and compels an additional con- 
sumption of fuel. Hence the cost of roasting is greater than it 
should be, the labour reaching from 3«. to 48. a ton, and the fuel 
from 28. to 38. 6d. a ton. Moreover, the sulphurous oxide cannot 
be utilised. 

Sufficient has been said to show that all these furnaces leave 
much to be desired when dealing with auriferous sulphides. Their 
capacity is too small, their action -is too slow and incomplete, they 
require too much manual labour, they consume too much fuel, they 
maxe no provision for the after-treatment of the cinders, and 
they render the operation too costly. One or more of these draw- 
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backs is present in every case. What, then, are the conditions 
which an ideal furnace should fulfil ? Practically these : — 

(a) Ue<jutar and automatic feed and discharge^ 

(h) Self-supporting <y)mbustion. 

(c) Utilisation of all products. 

(d) Accessihilitg for repairs. 

(e) Total coat of treatment under 2». (i dwt.)‘per ton. 

Given the first three conditions, the fifth will take care of itself. 
Indeed, jud<?in" from recent experiments on sulphides in bidk, I 
believe the cost may l)e reduced to less than I 4 .*. a ton, in the case 
of clean ores ricli in sulphur. 

A sectional illustration of the furnace which bids fair to accom- 
plish these ends is shown in Fig. 56. It is the invention of 
Mr. diaries J, Faiivel, who while cleverly adapting such good fea- 
tures as were to be found in existing furnaces, sot himself to remedy 
their defects, with a lesult that is highly promising. As may be 
imagined, this result was not arrived at in a moment, nor is it to 
be supposed that finality is reached. Modifications and improve- 
ments in the details will no doubt bo dictated by special circum- 
stances of localities where the furnace is to bo used ; but taken as 
it stands, it is thoroughly sound in principle, and provides in a 
most practical manner for all reasonable conditions, as will be seen 
from the following description. 

The fireplace A is constructed so that it will burn coal, coke, or 
wood. Its side walls are prt)vided with small air-hnles for the 
admission of an e>xt.ra supply of atmospheric air, so as to ensure 
perfect combustion, thus saving a waste of fuel, and at the same 
time avoiding the possibility of any free carburetted hydrogen 
passing away into the flues, with a risk of causing explosions. The 
fire is so directed that its grent< st hesit is devclo})ed just where it 
is required, vise, under the lowest slab 13 of the oxidising tower G. 
The fireplace A is built in duplicate, thus giving a greater com- 
mand of heat at starting, or whenever it may be needed. 

The oxidising tower G, in which the oxidation of the sulphides, 
&c., is acconiplislKid, consists of a square brick structure about 
40 ft. high, fitted inside with a series of sloping slabs D made of 
firelump, and proioeting alternately from opposite walls of the 
tower G by which they are supported. 

These slabs D stretch diagonally across almost the entire width 
of the tower, so that whatever enters at the top of the tower must 
pass over the wl.olo surface of each slab in rotation until it can 
escajxi at the bottom. Beneath each slab is cft,rried a flue B direct 
from the fireplace A, and conveying the necessary heat to the under 
side of the slab D. These flues E have no coniu ction with the 
interior P of the oxidising tower C, so tha fc the j: roducts of com- 
bustion of the fuel in the fireplace never come in to contact with 
the ore. This fact in itself is suflicient to distinguish Fauvel^s 
furnace from all others of tho kind, and to render it far superior 
to them from a metallurgical point of view. 

2 B 



Fig. 66. 
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At the top of tho oxidising tower C is an automatic feeder G, 
consisting of a rifle-grooved cylinder working in a hopper, so 
arranged that tiie finely ground ore is distributed in a tliin regular 
shower across the whole width of tlie tower. As the ore passes 
down the tower, it falls successively upon the hot sloping shelves 
D, rolling across them in a constant stream, and dropping from 
one to the next. 

The angle and adjustment of the shelves D are such that the 
whole surface of eacli slab does its full share of the work, the ore 
particles being kept in a state of incandescence during the time 
they are in contact with the slabs. 

The wear and tear inside the tower is reduced to a minimum by 
avoidiug all ironwork in its internal construction, and by making 
the slabs self-supi>orting. As a further }>ro vision in case of 
accidental injury to or flaw in the slab, each is built in inde- 
pendently of all the others, and the inner and side walls of the 
tower consist of a series of brick arches II, so turned that by them 
any slab can be separately reached, removed, and replaced with 
the least possible inconvenience and cost, and without in any way 
disturbing the rest of the tower, or weak(‘ning the structure. 

During the whole of their passage downwards througli the 
tower, thii ore particles encounter an abundant upward stream of 
hot air, which is provided by means of special chambcirs J, placed 
above the fireplace A and over a secondary fireplace K, built near 
the base of the cliimney L. These air-heating chambers J are 
furnished with adjustable doors, so that thca air supply can be 
regulated to suit the ore under treatment. This stream of heated 
air, kept free from the products of combustion in the fireplace, 
flows up through the oxidising tower F in such a manner that it 
meets tho incandescent particles of falling ore, checking thorn in 
their descent, and scattering them in such a way that it is im- 
possible for any particle to escape the complete oxidation and 
removal of its associated sulphur, arsenic, antimony, or tellurium 
compounds. This admission of pure hot air is another feature in 
which the Fauvel furnace is distinctly in advance of others, all 
the oxygen contained in the air being available for oxidising and 
sweetening the ore, instead of being largely consumed in com- 
pleting the combustion of the gases from the fireplace A. 

The first principles of sweet-roasting demand that the ore shall 
encounter a gradually rising temperature. For this reason, the 
topmost shelves in the tower have no heating flue beneath them, 
and hence are relatively cool. 

On the other haml, the lowest shelves are in direct contact with 
the fullest heat from the fire as it leaves the fireplace. In addition, 
the stream of heated air enters at M, near the bottom of the tower, 
and helps both by its own heat and by perfecting the oxidation 
at that point, to raise the temperature to the highest degree just 
where its effect is needed. Moreover, the air is purest on meeting 
the ore as it approaches the completion of its oxidation ; whereas 

2 B 2 
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in other furnaces the oxidising i>ower of the air admitted is all 
used up at an early stage, and thus tJie last traces of sulphur, &c., 
are only imperfectly removed. In the Fauvel furnace the ore 
encounters a gradually rising temperature combined with increas- 
ingly pure air, so that the culminating points of the heating and 
oxidation coincide, and mark the termination of the process. On 
these accounts the sweetetnng of the ore is done much more rapidly 
and efficiently than by other furnaces. 

By the time the ore has passed through the oxidising tower F it 
is completely swetdened. In this state it falls into a settling 
pit N situated immediatedy beneath the tower. This pit may be 
of ordinary construction, or provided with trucks and rails 0 for 
facilitating the witiidrawal of the roasted ore for further treat- 
ment. 

This generally consists in wet amalgamation, after the ore has 
been spread on a co(ding floor, entailing much laboui*, waste of 
time, and the risk of losing a portion of the gold. Another evil 
sometimes arising from the roasting process is that the little 
particles of gold become glazed, as it woi*e, wilh a microscopic 
coating of iron oxide, snflicient to prev«'nt that intimate contact 
with the mercury wliich is absolutely essential to success in catching 
the gold by amalgamation. 

As water must play an important part in the final amalgamation, 
and the power of water as a vehicle for trans})orting finely ground 
material is familiar to all gold miners, the idea suggested itself 
tl)at the ciunberst)me system of trucks and cooling floors might be 
advantageously replaci d by a nnining stream of cold waler. Acting 
upon tliis, Fauvel made a uumbtr of experiments on the effects of 
quenching the incaudesceut ore in a bath of cold water. The 
results surpassed all expectation, Eacli glowing particle as it falls 
into the water causes an instantaneous generation of steam, accom- 
panied by a report as of a miniature exi>losion. At the same 
moment, any glaze or skin which may liave formed on the particles 
is ruptured, and they arc broken down to a remarkably fine state 
and rendered very brittle. 8o much is this the case that an 
arsenical pyrites, which liad been crushed only to pass a 80-mesh 
sieve, was, after roasting and quenching, rendered an impalpable 
powder. The importance of this innovation can hardly bo 
exaggerated. In the first place, exceedingly fine crushing is 
not necessary, and therefore the output of the mill can be very 
much increased. In the second place, the ore is reduced to such a 
microscopic size that there is no longer any room for atoms of gold 
to be locked up in it. Thirdly, the skin of oxide, which is so apt 
to coat the grains, is removed, and the gold is rendered clean and 
shining, so that the tiny specks of i)reoious metal can, with a lens, 
be seen scattered through the mass, and are thus in a condition 
specially a<laptod to amalgamation. 

The only precaution found to be necessary, in order to be sure of 
attaining this end, is that the water be kept in a turbulent state. 
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otherwise the bubbles of steam, generated by the falling atoms of 
ore, enable them to float and accumulate on the surface of the 
water, ioMtcad of undergoing imniudiate and complete immersion. 

The practical outcome of these experiments is, that the oxidised 
and sweetened ore is by Fauvel’s system made to fall direct from 
the oxidising tower into a constantly running stream of cold water 
P, kept in a state of agilntiou by the introduction of spray pipes Q 
near the point where the ore falls into tli(3 water. The {)articles 
are thus at the same moment cooled, brokeii down and transporled 
by the stream to a series of settlers, where the heavier and valuable 
jiortions collect, and from whieli they are raised by elevators and 
delivered into suitable amalgamators, while the sludge or thin 
slime and surplus water run away to the waste dump. The con- 
sumption of water is no grt at(u* than in ordinary amalgamation. 

It is a distinct feature of FanvePs furnace, tliat the products of 
combustion from the fireplace (there is no smoke properly speaking) 
are from first to last kept away from cx)ntact with the ore. The 
passages K, provided for them are quite distinct, and are sf3 arranged 
as to utilise all the lioat generated, viz., in heating the shelves 
over which the ore runs, in maintaining the heat of all portions of 
the tower whore it is needed, and in providing the supply of hot 
air. Finally, the products ol combustion pass into the chimney L ; 
near tliis cliimney is a supplementary fireplace K, which may be 
used for generating cldoriue gas, wiien dealing with silver ores, or 
to augim nt the draught. 

I’he fumes of sulphur, arsenic, antimony, &c., generated by the 
heat encountered as the ore falls througli the tower, flow upwards 
and become most dens<3 on reaching the top of the tower. 

This result is attaim d by the admis. ion of a current of pure hot 
air at M, into the settling pit N at the bottom of the tower F. 
This air current serves the double purpose of aiding the oxidation, 
and conveying away the liberated fumes. These latter pass otF at 
the top of the tower through an independent flue K, and on to a 
set of condensing clianibers S, which are fitted with a series of 
exposed metal surfaces T, kept cold by a constantly renew^ed stream 
of water U. By these means, condensation of the suiphurie and 
other fumes is brought about in a rapid and effective manner, with- 
out contaminating the water. The result is a product wliich can 
be withdrawn simply and expeditiously by means of little trucks 
V made to run on rails O beneath the condensing chambers S. 
Thus the va|)Ours admitted from the flues 11 through the con- 
densing chambers S, into the chimney L, and finally escaping into 
the open air, are foi- tlic most part free from noxious properties 

It will be seen that FauvcFs invention, which has been patented 
ail over the world, is not simply an improved furnace for roasting 
pvrites, but is actually a complete process for tn^ating refractory 
gold ores. Its simplicity and economy will soon bring it into favour, 
and it will doubtless become familiarly known as “ fauvelisiug.” 
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WIEE EOPES (^continued from p. 80). 

Uncoiling. — It is most iraporlant to prevent kinking, that the coil 
sliould 1)0 placed on a reel or turn-table, and the rope drawn off from 
the outside. 

Attachments. — With improved solid wrought* iron shoos or sockets 
for capping, no rivi ts are required ; where tlie latter are employeil, 
damage to the wires inside tiie soediet is the result. 

Sto7'ing. — Wire roiKes should be kept in a dry place, and laid 
upon timbers. They should also bo oiled over oi casionally. Much 
damage often results from corrosion througli improper storage. 

Preservation . — When ropers are exposed to the destructive action 
of niinersl or acid waters, they should be made of galvanised wires, 
and of as large a gauge as possible. In all cases a protection is 
afforded by frequently lubricating them with a good grease, fiee 
from creosote, ammonia, acids, or other injurious jidmixturo. It is 
of especial importunce; that any broken wires should l>e cut away, 
or what is better, that they bo bent backwards and forwards until 
they break off short at the ]daee where they <iisappear into the 
rope, otherwise the bioken wires, in consequence of the })re88ure, 
are apt to damage the neighbouring ones in i)as8ing over the drum 
and si leaves, and in this way whole strands in a partly- worn rope 
are often destroyed. 

Pound Winding -rope Pidleys . — The groove should be quite smooth 
and sufficiently wide, so as not to pinch the rope. The pnlloys 
should he regularly inspected, and if it is found that the rope has 
been working a false gr<H)V(^ into the pulley, the groove should be 
turned to its former shape, which can be done by fixing a cross- 
beam to S(;rvo as a rest for the turning t(M)l. Tiie false groove 
seldom harms the rope that has made it, but quickly damages the 
new rope which takes the old oiuj’s place, and which, not being 
worn, is of a larger diameter than the old rope, and does not fit into 
the false groove, therefore it the more nipidly wears on the sharp 
edgtis formed by the false groove with the oiiginal groove. 

Flat Winding-rope Drums and Pulleys. — The drum arms or horns 
should be placed so far ajmrt that the rope has not more than about 
i in. play between them. The inner edges of the horns should bo 
well rounded oft* so as not to chafe the rope. The pulleys for flat 
ropes should have the grooves turned perfectly true and cylindrical, 
neither concave nor convex as belt pulleys are. 

Cable-laid Wire Popes. — Tliese should be used where heavy weights 
have to be lifted occasionally, and where the wimling barrel is 
necessarily of small diameter, such as for pit capstans, &c. As 
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Cable-laid Wire Ropes — continued. 

they are not in constant use, it is essential that the wires should be 
galvanised so as to ensure the rope against the corrosive action of 
rust. 

Langes Lay Wire Ropes , — When wire ropes are constructed by the 
ordinary method, the friction surface is so comparatively small 
that the strands are worn only on the crowns. The wires retain 
their full size and strength at each side of the worn or weakened 
parts, causing them to give way, although the greater portion of 
the wires have been subjected to no wear whatever. In tlie con- 
struction of Lang’s Lay ropes, there is a much larger wearing 
surface, which almost entirely removes the cause of the wires 
breaking on the crown of the strand, and as tht) working of the 
ropes around pulleys, drums, &c., bends the wires in an oblique 
direction, we secure by this system the greatest possible amount of 
wear from the wires before fracture, as they will not break before 
they are so much reduced in strength as to be too weak throughout 
for the work. The wires in the strands of the ropes on Lang’s 
Ijay principle have a very much longer bearing one against another 
than in the old system, and thereby prevent the great injury 
which results from the wires in the adjoining strands cutting into 
each other. 

Wire Driving Ropes . — These are coming largely into use for 
transmission of power, and afford the cheapest means for this 
purpose for long or short distances. The loss of power amounts at 
tlje outside to 1 per cent, jwr 100 yd. 
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Table 148. — Flat Wire 


Sizes. 

Weights per fath. 

Mild Steel (Sie- 
mens-Mar tin. 

Improved 
Patent Steel. 

Best 

Plough Steel. 

Kxtra 

Plough Steel. 

Width 

Thickness. 

Sizes. 

oo 

i| 
^ « 

Sizes. 

Breaking 

strain. 

Sizes. 

Breaking 

strain. 

Si 

S 

Sf 

zes. 

Breaking 

strain. 

S 

Thick- 

5 

2 

? 

0! 

si 

.a 


gs 

in. 

in. 

ib. 

in. 

in. 

ton. 

in. 

in. 

t< ')rs. 

in. 

in. 

tons. 

in. 

in. 

tuns. 

2* 

T.V 

9 

2k 


15 

2ii 

-7. 

26 

24 

lA 

33 

24 

_7 

39 

n 

iV 

10 

2f 


17 

21 


29 

2J 

_7_ 

36 

24 


43 


i 

12 

2f 


20 


i 

35 

24 

4 

44 

24 

4 

52 

2% 

i 

14 

24 

i 

23 

24 

4 

41 

24 

4 

fil 

24 

4 

61 



1C 

3 


27 

3 


47 

3 

Ji 

59 

3 

I*:. 

70 

3i 

i 

18 

3f 


30 

3i 

4 

53 

34 

i 

66 

34 

i 

79 

31 


20 

3i 

1 1 

33 

31 

-1! 

69 

34 

ki 

73 

34 

li 

88 

31 

i 

23 

3f 

f 

38 

34 

t" 

68 

n 

4 

85 

34 


102 

4 


2G 

4 

4 

43 

4 

i 

77 

4 

4 

96 

4 

1 i 

115 

H 

i* 

2<J 

1 H ' 

3 

48 

44 


86 

44 

is. 

lOH 

44 

1 1 3 

129 

4i 


33 

4i 1 


53 

4i 1 

! i 

98 

44 

i 

123 

44 

i 

147 

4f 

■n 

36 

4t 1 

j & 

60 

44 ! 

! •> A 

107 

44 

n \ 

134 

44 

ift 

1 a 

160 

5 

1 

39 

5 

1 

65 

5 

i 1*“ 

H6 

5 j 

^ \ 

145 

5 


174 

6i 


44 

H 

Hx 

74 

H 

Hx 

131 

54 


164 

64 

I i* 

196 

H 

u 

48 

H 

li 

81 

5f 

n 

143 

64 

H 

179 

6* 

H i 

214 

6f 


52 1 

6i 

1-3 

1 0 

87 

64 


155 

54 

\ 

194 

i 

j 

I 232 

6 

If 

"1 

6 

u 

96 1 

1 

6 

li 

170 

6 

H 

213 


14 

255 

I 


Note. — The weii^hts per fathom for flat wire ropes are given for hemp core Id 
each strand ; for wire cores, add alx>nt * to the given weights. 
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to gradient, and friction, &c., should be added. 

Compound Round Wire Ropes, 25. 6d. to 55 . per cwt. extra, according to the 
number of wires in the installation. 


Tulile 149. — Caf/e Guide Mopes or Conductors. 


drcumference, inches 

3 

U. 

34 

3i 

4 

44 

44 

i 4| 

5 

54 

64 

Diameter, inch* s 

U 

I3V 

U 

lA 

14 

J 1 _i 

li^i 

14 

lie 

1 


H 

Weight per fathom, lb. . . 

iif 

134 

161 

184 

21 

234 

i 

264 

294 

32j 

'36 

394 


Table 150 . — Galvanised Wh'c Signal Strand. 


Number 

00 

• 


2 

3 

4 

5 

6 

, 

8 

9 

10 

Diameter, inches 

H 


thi 

4 

IS 



a 


e 

ii* 

i 

7 Ply., W. G. No. .. 

11 

114 

12 

13 

'l3*j 

14 

16 

' 16 1 

17 

17* 

18 1 

184 

l^ength per cwt., yd.. . | 

160 

170 

190 ,240 

1 

280 1 

1 

310 380 

480 1 

1 

640 

740 I 

850 j 

I 

1050 
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Table 1*51 . — Round Wire Ropes, 


Sizes. 

AVeights 

per 

Faihom. 

Mild Steel 
(Siemens- 
Maltin'). 

Improved 

Patent 

Steel. 

Best Plough 
Steel. 

Kxtra 

Plough 

Steel. 

Cir. 

Dia. 

6 Strands. 

7 6 

Wires. Wires. 

Cir 

Break- 

ing 

Strain. 

Cir. 

Break- 

ing 

Mrain. 

Cir. 

Break- 

ing 

Strain. 

Cir. 

Break- 

ing 

Strain. 

in. 

in. 

lb. 

lb. 

in. 

tons. 

in. 

tons. 

in. 

tons. 

in. 

tons. 

1 


1-0 

0*9 

1 

H 

1 

23 

1 

34 

1 

4 

IJ 

1 i 

1*2 

1*1 

n 

2 

IJ 

34 

H 

44 

14 

53 

U 

1 

1*5 

1*3 

u 

23 

14 

43 

U 

53 

13 

61 

n 

11 

1 *8 

1*6 

n 

3 

if 

53 

H 

64 

If 

73 

u 

1 0 

2-1 

] *9 

n 

34 

14 

64 

14 

73 

14 

93 



2’b 

2*3 

u 

4 

If 

74 

H 

9 

If 

103 

H 

0. 

2-9 

2*6 

lit 

43 

13 

84 

13 

104 

13 

123 

H 

X 0 

3*3 

3*0 

H 

64 

If 

94 

H 

111 

U 

143 

2 

k 

3*H 

3*6 

2 

04 

2 

11 

2 

133 

2 

16* 

2i 

u 

4-3 

4*0 

2i 

7 

23 

124 

24 

154 

23 

183 


Vi 

4*8 

4*4 

24 

H 

23 

14 

24 

174 

23 

21 

28 


5*3 

4*9 

21 

B3 

2f 

154 

2| 

193 

2f 

223 

n 

ar, 

air 

6-9 

5*5 

24 

93 

23 

173 

24 

214 

24 

253 

n 

'S'? 

(5-6 

6*0 

2 ^ 

103 

26 

193 

2f 

24 

28 

283 

2 * 

i 

7-1 

6*6 

2 | 

113 

23 

203 

23 

253 

23 

31 

2 ^ 

.9 0. 

7*8 

7*2 

2 ^ 

123 

n 

224 

24 

283 

24 

3t 

3 

ks 

10 

8 T) 

7*8 

3 

14 

3 

25 

3 

313 

3 

37.3 

3i 

1 

9-2 

8 *,') 

3ii 

15 

33 

27 

34 

3.33 

34 

404 



9*9 

9*1 

H 

163 

33 

29 

33 

363 

33 

433 

38 

l/o 

10-7 

9*9 

38 

m 

3f 

^4- 

3| 

393 

3g 

473 

3} 



10-6 

34 

19 

34 

33| 

34 

42 

34 

503 

38 

! 

12*3 

11*4 

3J 

20,4 

33 

36 

34 

45 

3f 

64 

3i 

ll-o 

13*2 

12-2 

1 3^ 

213 

33 

383 

31 

483 

33 

58 

3^ 

1 . 1 ^. 

14*1 

13*0 

H 

2.33 

H 

414 

34 

513 

34 

623 

4 

H 

16*0 

13*9 

4 

243 

4 ! 

44 

4 

55 

4 

66 



16*0 

14*8 

H 

264 

4f 

47 

44 

68 | 

4i 

703 

H 

U.J 

17-0 

IB’7 

44 

283 

43 

50 

43 

624 

44 

76 

H 

ll 

18*0 

1(5*6 

43 , 

293 

4| 

53 

4-1 

664 

4f 

793 



19*0 i 

1 17*6 

4i 

314 

44 

66 

44 

70 

44 1 

84 

48 


21*0 ; 

19*6 

43 1 

35 

43 

623 

43 

773 

43 1 

933 

H 

m 

22*0 ; 

20 6 


1 363 

41 

644 

44 

804 

44 

963 

b 


23*5 : 

21*7 

5 

* 39 

5 

69 

5 

863 

5 

1033 

H 

ili- 

26-0 : 

24*0 

54 

43 

63 

764 

63 

953 

53 

1143 


i 

28*6 i 

, 26*3 

54 

47 

64 

833 

64 

1044 

64 

1253 



31*1 : 

28*7 

63 

514 

63 

914 

63 

1143 

53 

1373 

6 


.34*0 : 

31*3 

6 

564 

1 

6 

100 

1 

I 125 

6 

150 


Note. — For wire core in centre of ropes, add I to the weights given for 6 Btrands 
of 7 wires. 

Working Loads.— See remarks on p. 376. 
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DEILLING (continued from p 124). 

TJie JngersolUF^ergeant Rock Drill, 

The advantages of a oombinaiion of inventions are forcibly 
exempliiied in the now Ingersoll-Sergeant Rock Drill. Until 
recently the Ingerwoll drill and the S<*rgeiint drill were manu- 
factured by two so{)arate companies, althougli the essential points 
in each drill had been designed by one man, Mr. Henry C. 
Bergejant. One of these drills, which he called the Eclipse* 
belonged to the Ingersoll Rock Drill Co., and the other, the 
later production, belonged to the Sergeant Drill Co. This 
machine embodied the roults of an exceptionally long and varied 
experience in the manufacture of rock drills. It was, however, 
soon apparent, that to produce the most effective machine with- 
out infringement of patents, it would be necessary to amalgamate 
the two companies, and this being done, under the title (d* the 
IngersolhSeig<*unt Drill Co., a drill is now produced for which it 
may be justly claimed that it embraces in its design the best 
features of the older and the newer types of rock-drilling 
mechanism. 

In order to introduce this machine into Great Britain and the 
continent of Europe, the Ingersoll-Sergeant Drill Co. has opened 
an office at 114 a. Queen Victoria Street, liondon, where a stock 
of complete drills and duplicate parts is kept ready for use. 

The object of the inventor has been to design a drill capable 
of striking a hard and effective blow and to coiibtruct it in such 
a way that it will resist the effects of rough work during long 
periotls of ute. The combination has also the further advantages 
obtaineil in simplicity ai»d strength of construction, fewness of 
moving parts, and reduction of violent shocks to other parts than 
the piston. The new machine contains an independent valve 
operated through an auxiliary valve. This important point 
together with its great cutting capacity when used on hard rock 
have formed the two most distinctive features of the Sergeant 
drill, and they are now to be had in conjunction witli the well- 
known and approvcjd features of the Ingersoll. Tlie Ingersoll- 
Sergeant strikes an uncushioned blow, and every blow that is 
struck is made with full pressure and with cylinder clear in 
front. This applies as much to the short quick strokes with 
which work may be commenced, as to the longer strokes when the 
drill is deeper in the rock. The auxiliary valve, which is operated 
by the shouLlers of the piston, moves lightly in the arc of a 
circle, and cannot by any possibility become deranged, its wear 
being uniform and its action automatic, while in itself it is a 
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LujersoU^Sergeant Drill — continued. 

simple piece of steel of suitable shape, without any ^rts to 
break. Tlie rotating device is equally simple and etfective, and 
has a release movement, a feature we believe possessed by no 
other drill in the world, which prevents the twisting of the spiral 
bar, or breaking of pawls and ratchets ; thus, when a hard blow 
is struck upon an uneven surface, there can be no danger of 
breaking through a tendency to rotate in the wrong direction; 
the springs, which are provided for cushioning tlie blow of the 
piston, being also made use of for controlling ar»d assisting the 
rotation. There are other improvements comprising the ease with 
which long or short strokes are obtained by varying the feed; 
and the absence of stuffing boxes where compressed air is used is 
anotlier important feature in this machine. 


The Ingcrsoll-Sergeant Cold Air Compressor, 

The latest improvement in air-compressing machinery is repre- 
sented by the Ingersoll* Sergeant add air compressor. No water is 
admitted in the air cylinder, but the most thorough cooling is 
effaced by contact witli cold metal surfaces. The piston inlet 
valve is operated by the natural laws of momentum and without 
springs or levers. The engine is driven either by steam, or 
through a belt or gearing by water power or electricity. The 
special advantages and most important features of the Ingersoll- 
Bergeant piston inlet cold air cylinder are as follow : — The free 
air, before admission to the cylinder, is under thorough control, 
and may bu taken from that point which is the most favourable in 
its dryness, reduced temperature, and freedom from dust and other 
foreign matter. The admission of free air being through a single 
tube creates a constant and uniform draught of air in one direction 
only, thus filling the cylinder at each stroke with air at atmos- 
pheric pressure. T’he air inlet valves are large metallic rings 
wliioh are not operated by springs, but which open and close by 
the natural momentum given to the valve by the movement of 
the piiston. When the piston is moving in one direction, the ring 
valve on that face of the piston which is towards the direction of 
movement is closed, while that on the other face is open. This 
is exactly as it should be in order to discharge the compressed 
air from one end of tlie cylinder while taking in the free air at 
the other. The position of each valve is almost instantaneously 
reversed at the point when the stroke is reversed. This change 
in position takes place without springs or other influence than the 
natural momentum of a piece of metal which is carried in one 
direction and is instantly reversed. 

The large ring air inlet valves which serve to admit the air are 
said to bo practically indestructible. These valves admit of a large 
srea of inlet with but a small throw of valve, thus quickly opening 
a large supply port, and enabling a compressor to run at high 
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Cold Air Compressor' — continued, 

speed without a reduction of efficiency, and with safety to the 
quick -moving parts. Tliere being no inlet valves in the heads of 
the air cylinder, the space otherwise occupie<l by these valves is 
filled with cold water, thus presenting a cooling surface to the 
compressed air near the end of the stroke whiiii the air is hottest. 
We have here all the advantages of cooling by water injection, 
without the disadvantages incident upon bad water, and the 
necessity of moving a body of water back and forth in the cylinder. 
Clearance spaces are reduced to a minimum. There are no 
countersunk spaces in the cylinder bends for inlet valves, but 
there is a single annular space to take the face of the large ring 
inlet valve. The valve covers this space at the end of eacli stroke 
so that there is no dead space. The air inlet pipe which extends 
throiigJi the cylinder-head serves as a bearing and support for the 
piston, thus ensuring the minimum wear in the air (rylinder, and 
a perfect uniformity of such wear os must take place in every 
engine. This is said to be the only air compressor made with a 
device which unloads the engine automatically. 
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EIVER MINING. 

Dred(]in(j (continued from p. 180). 

Ball's Ejector Dredge for Mining Gold, Tin, Diamonds, in rivers' 
and placers. 

The most recent dredger bearing that name combines several of 
the features of the previous suction dredgers of the same builder 
(Charles Ball, C.E., 37, Lombard Street, E.O.), with some improve- 
ments which practice has shown to be essential. 

The main features are : 

1. Tliat tlie material dredged does not go through the machinery 
as in ordinary suction dredgers, thereby saving all wear and tear 
caused by it, and enabling much coarser material and bigger stones 
to pass tlirough a plant of a given size than was possible formerly. 

2. That all compacted and hardened material is dug up and 
dispersed practically into tlio very nozzle of the suction apparatus 
— thereby preventing the loss of gold which occurs when it is 
attempted to stir up the material by rakes, revolving cutters, &c., 
in the current of a river, especially if at all rapid. 

3. That it is assisted by an irresistible searcher, which goes 
right into cracks and fissures in the bed-rock, where often the gold 
is most tliickly gathered, and pulls it out thereof to throw it into 
the suction nozzle — so that the loss of gold sometimes eo great 
which occurs under these circumstances is entirely avoided. 

4. Tlio apparatus is even more simple than in the former Ball 
machines, and the cost and liability to repairs are both much 
diiuiiiished. 

The results are obtained by the following means : — 

A specially-built steam pump, worked from a small boiler, throws 
a stream of water, at very high pressure, into a dredging pipe in 
an ascending direction— this pipe is bent, after receiving this jet of 
water, so as to reach the bottom to be dredged — a branch, or several 
of them, p)t from where the liigh-pressure water enters the 
dredging-pijie, are brought in front of the nozzle on the ground, 
preceding it by a few indies. 

Those jets, under a head of some 300 ft. pressure or more, if 
required, tear up and rip the ground right into the nozzle, in 
which a viohmt sucking action is induced by the main jet entering 
abov(^, as described previously. 

These same small jets are the searchers which, with a flexibility 
that no machinery could possess, enter, ransack, and clear out of 
g(jld every crack and crevice in the bed-rock, even to a depth of 
several feet. 

The material, with the water bringing it up, is delivered in a 
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gentle and regular stream at the top of the suction-pipe on to any 
sluice, or other preferred gold-saving apparatus. 

The machinery can all be reduced to parts weighing under 1201b., 
an immense advantage in case of difficulties of carriage. The 
cost of a plant capable of dealing with 4-iii. stones, and doing some 
10 tons of sand and gravels per hour, all complete, with improved 
and very efficient set of steel sluice boxes, is abf>ut 350/. to 400/. 

A large plant on this system has lifted 2000 tons a day to large 
sluicing boxes. 

It is essentially the machinery for prospecting on an efficient 
scale rivers, lagoons, &c. 

The “ Cockburn ” Dredger for Hard Materials. 

This machine has been designed by Cockburn, Phillips, and 
Montgomery, of 50, Queen Anne's Gate, Weslnniieter, S.W., with 
the objet't of providing a crane dredg«-r thnt will excavates material 
which the ordinary single and double chain grab dredgers wdll 
not touch. 

In the ordinary form of crane dredger, the only force avaihible 
for closing the grab is that which, if Hf)plied to a sufficient extent, 

will eventually raise it off the 
ground, and consequently its re- 
sistance to being lifted — i.e., its 
dead weight — is the utmost limit 
of the closing power that can be 
applied. 

It is obvious that the harder 
the material to he dredged, the 
greater the pull required on the 
chain to close the errub, and as 
the pull on the chain increases, 
so the weight of the grab on the 
ground will decrease. Thus 
there is less available weight to 
cause the grab to penetrate in 
dealing with hard material than 
there would be with soft. 

In the dredger shown in 
Fig. 57, an arrangement is 
provided by which the force ap- 
plied for closing the grab does 
not tend to raise it off the 
ground ; consetiuently, when the 
grab is dropped, and the points 
or blades sink Sjveral inches 
into the ground, any requisite 
amount of force can be applied to close the jaws on the material 
without the possibility of the jaws slipping up, and merely scraping 
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over the top of the ground. It is therefore plain that this dredger 
will excavate any inuterial into which the points or blades of the 
jaws will sink several inches when the grab is dropped into it. 

As the grabs weigh from 35 cwt. to 55 cwt., accx)rding to size, it 
is not difficult to form an idea of the immense hardness that 
material would have to possess before this dredger would fail to 
excavate it. 

The closing of the grab is effected by a chain secured to the top 
of the tube, led under a guide pulley to the jib head, round a 
snatch block or monkey, over a second guide pulley, and finally 
taken round and secured to an ordinary windlass barrel in the 
grab frame. A chain is attached to the snatch block or monkey, 
and led to the derrick barrel of the crane. When this barrel is 
revolved, the grab Is opeu^ d or closed at will in any position. 

In dredging cranes which are fitted with a long pole or tube 
fixed into the grab, and working through the head of the crane 
jib, the depth to which the dredger will work is limited by the 
greatest length of pole or tube that can be used in practice with 
safety and consistently with its strength as a column. This 
limit is reached in a pole or tube about 30 ft. in length, so that, 
allowing the jib head of a crane dredger to be 18 ft. above water 
line, and the total length of pole and grab to be 35 ft., the limit 
is reached at 15 ft. dreclge. 

To provide against this, a movable or falling jib is pivoted to 
the frame of the crane, carrying the two guide sheaves for the 
closing chain at its outer end. By this means a depth of 32 ft. 
below water line can be reached with a length of pole or tube well 
within the range of practice. 

An additional advantage is obtained from the falling jib in the 
case of dredging where either waves or a swell are to be mot with. 
The movable jib forms a hinged connection between the grab and 
the crane, so that any rise or fall of the barge carrying the 
dredger is taken up by the movable jib, and does not aflect the 
grab, nor interfere with the closing of it. 

The illustration is from a machine arranged to dredge to a 
depth of 25 ft., and manufactured by Grafton and Co., of Bedford, 
for the patentees. 

The machine is made in two sizes : 

I yd. grab and 7 ton crane to dredge to 25 ft. 

1 „ „ 10 „ „ 32 tt. 

For depth of dredge to 15 ft. the falling jib is not required. 

Prices ; — 

To excavate 450 tons of hard material a day . . . , 775/. 

„ 600 ,, ,, ,, .... 950/, 
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OEE DEESSING. 

(Continued from p. 1 87.) 

In oHer to o1>tain the most satisfactory results in dressing ores, 
great care must be taken in adapting the arrangement of machinery 
to the reipiirements of each case, and in carefully selecting the most 
suitable machines. 

By following out a system of continuous concentration, aided 
by improved labour-saving appliances, particularly in the slimes 
department, and by observing suitable methods for minimising 
tl»e production of slimes in crushing and separating, better results 
are obtained with less waste, and the cost of dressing is greatly 
decreased in all cases. 

Luhrig's Compound Vanner. 

Quite remarkable, among the various recent improvements in 
ore-dressing plant, is the “(/ompound Vanner,*' invented by Liihrig, 
whose succe-s in co;i]-cloaning machinery is familiar. This novel 
vanner doinaiids special mention for its self-acting qualities, and 
for its very successful treatment of slimes of the most complex 
character. 

The striking fe ature of the liuhrig vanner, as will be seen by 
Fig. 58, is the combination of three, femr, or six (according to 
the nature of the ore) single tables of an improved construction, 
arranged in such a way as to allow of antomatically feeding the 
‘‘ middle products” (or not yet sufficiently clean products) from the 
upper tables on to the lower tables. By this subsequent tn atment 
of the middle products on the same machine, high cuncentrates 
are obtained without requiring manual labour or incurring loss of 
mineral. 

The single table consists in the main of a travelling band, with 
adjustable later.il inclination, suspended from a frame receiving an 
end-shake, whicli, combined with the action of a spmy-pipo ex- 
tending diagonally across the table, effects the separation of the 
various minerals in the pulp, according to their specific weights. 
These various products are washed off by the spray into receptacles 
in front of the table. The material is fed on to the table by a 
siphon discharge fiom a hydraulic classifier. 

The advantages of the single table over others consist, firstly, in 
the circumstance that one clean product is always obtained in one 
operation ; and, secondly, any number of grades of concentrates 
of different oi es may bo obtained on one table, and the degree 
of c-oncentration, as well as the perc(3iitRgo of mineral left in the 
tailings, be adjusted according to wish. The intermediate grades 
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LUhrig's Compound Vanner — contiimed. 

would then be made to yield higher conc''ntrates by the lower 
tables of the compound vanner, as described before. 

One compound vanner will treat about 9 tons per day of 10 hours, 
giving absolutely clean tailings, besides separating the various 
minerals contained in the ore, one from the other. It has been 
proved to give excellent results in treating slimes of lead and blende 
ores containing iron or copper pyrites, or spathic iron ; and it is 
particularly well adapted for dealing with tin and copper ores, 
avoiding all the handling now so frequently necessary in conse- 
quence of the use of imperfect machines, such as buddies, &c. 

In dressing auriferous ores containing a percentage of pyrites, 
this vanner does closer work with less cost than any other machine, 
and it has been proved that it will pay well in many cases to 
employ it on old tailings containing less than 4 dwt. of gold and 
4 dwt. of silver to the ton. 

The manufacture and sale of these machines in England, 
America, and the Colonies are in the hands of the Liihrig Coal 
and Ore Dressing Appliatices, Limited, 32, Victoria Street, West- 
minster, S.W. 
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Ahattis (Leicester), cross packing of brandies or rough wood, to 
keep roads open for ventilation. 

Ahhrnch (Germ.), ore broken off the vein. 

Ahcndo"t (Germ.), western end of a mine. 

AheiKfscliiaht (Gt^rm.), alternoon ^hift. 

Aht^ndsUfsa (Germ.), western end of a mine 
A^ij^unlicrd (Germ.), huddle. 

Ahfnlien (Germ.), to win a good body of ore. 

Ahkonmlns (Genu.), junction of main lode and tributary. 

Alnxi (Span.), fissure in a lode. 

Ahrouziado (Span.), copper sulphides. 

Abdrich (Germ.), the moss of black litharge appearing on the bath 
of work-lead early in cupelling. 

Abtheiluwj ((^erm.), a dehued district of a mine under care of a 
deputy. 

AIkh(J (Germ.), the first scum appearing (before abdrich) on molten 
lead. 

Accomjd (Corn.), settling day or place. 

Avhicar' (Span.), to decrease water in a mine. 

Acreage rent (Eng,), royalty or rent for working minerals. 

Addiintjs (N. hng ), earnings. 

Adcnuir (Span.), to timber. 

Adcjjuidor (Span.), mine carpenter. 

Adii^ a slightly rising tunnel driveu into amino from daylight, and 
us(3d for access, transport, and drainage. 

Adobe (Span.), sun-dried brick. 

Adventurers, original prospc’ctors. 

After-dtanp, poisonous gas resulting from explosions of fire-damp 
chieiiy carbonic acid. 

Aijitator (W. Amur.), settiei*. 

Ahondar (Span ), to sink. 

AirAtox, woollen tubes, 9-35 ft. long, for ventilating headings or 
sinkings. 

Air^co}irse, ventilation channtds. 

Air-crossln<j, a bridge cari-ying one air-course across another 
, Air-end way^ ventilation levels run parallel with main level. 

^ Air-(jute (Midlands), ventilation ways. 

^Air-head (Stall’.), ventilation ways. 

^Airless end^ nnventilated extremity of a stall in long- wall workings. 
Airdiuel, an old level used for ventilating. 

I AiV-s/tY (Yorks.), a short head between other air-heads. 

Atr-ijfitcA, ventilating chimney. 

2 c 2 



388 


Globsabt. 


AHoh-piecc^ parts of a pump in which the valves are fixed. 

Alh tnil (Spun.), mason. 

Alhayalde (Span.), wliite lead. 

Alherti furnace, a continuous reverberatory for mercury ores, 

Alcant. (Wales), tin. 

Ativc (Corn.), productive. 

AUujator (AiiKjr.), ro(tk breaker. 

Alloy, compound rnetal. 

Alluvium^ gravel, sand, and mud deposited by streams. 

Atmadenata (Span.), slainp-lioad. 

Ahnayre ( Sj)an.), red ochre. 

Aludrl (Span.), earthen condenser for mercury. 

Anialyauudion, absorption of gol<i ami silver by mercury. 
Anemometer, wind niousurer. 

Anthracite, hard, very pure coal. 

Apex (Amor.), end or edge of vein nearest surface. 

AyolrUladoa (Span.), superior ores. 

AppoH oven, a coke oven. 

Aprons (Amer.), battery coi^per plat(‘s. 

Arch (Corn.), portion of lode left standing to support hanging wall, 
or because too i)oor. 

Arenaoeous, sandy. 

Arends tup, an invert(5d sip] ion for drawing molten lead from 
crucible or furnace. 

Arenillos (Span.), refuse earth. 

Arcjcntifcrous, silver-bearing. 

AryUlttmms, cl ayey . 

Arian (Wales), silver. 

Arm, tlie inclined leg of a set of timb(‘r. 

Arruffc (N. Eng.), .sharp corner. 

Arrastra (Span.), an amalgamating mill. 

de cuc/iara ( — ), spoon arrastra. 

de murca ( — ), large arrastra. 

de niula ( — ), mule- power arrastra. 

Arrastrar (Span.), union of veins. 

Aspirail (Fr.), o]>t!ning for ventilation. 

Assessment work (W. Amcr.), the annual work necessary to hold a 
claim. 

Astel, overhead boarding in a gallery. 

Astyllcn (Com.), small darn in an adit; partition between ore and 
deads on gra.ss. 

Atierres (Span.), refuse rock. 

Atizador (Span.), furnace man. 

At tie (Corn.), refuse rock. 

Auyer-stem, bar to wliioli a drilling bit is attached, 

Aiiyct, priming tube. 

Anr (Wales), gold. 

A uriferous, gold-bearing. 

Ausscharen (Germ.), junction of lodes. 
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Auszhamern (Germ.), timbering. 

Avcrarje pnxluce (Corn.), poroeiitage of fine copper in ore. 

Average standard (Corn,), {)rioe of pure copper in ore.. 

Aviador (Span.), he vvlio provides the capital to work a mine, 

Amijue (Span.), mercury. 

Arogaena (Si)au.), amalgamating works, 

Azoguero (Span.), amalgamator. 

Azogucs (Span.), inlbiior ores. 

Hack (Corn.), lode lying between adit and surface. 

Jiack-casirig^ temporary shaft-lining of dry-laid bricks. 

Hack’cnd (N. Kng.), the last portion of a judd. 

Jiacking^ timbers let into notches in the rook across the top of a 
level. 

Hacking deals (N. Kng.), vertical planks behind the curbs in a shaft. 
Back- shift, afternoon sliil’t. 

Hack-skin (N. Eng.), a leather jacket for wet workings. 

Hail, j)rovision.s. 

Hal (Corn.), a mine. 

HalanceAab, a heavy counterpoise to piimp-iv)ds, 

Halk (N. Eng.), a liiteh causing a nip. 

HiUland (Derh.), pnlveruleut lead ore. 

Hancos (Span.), rocks disturbing a lode. 

Hand (N. Eng.), stone intersi rati tied with coal. 

Hank, (1) surface at pit’s mouth ; (2) tleposit worked above water 
level ; (3) coal face. 

Hank claim (Aust.), mirung riglit on bank of stream. 

Haiik right (Aust.), riglit to divert water to bauk claim. 

Jkiko (Span.), excess of mercury used in torta. 

Har, (1) ridge crossing lode or stieam; (2) diilliug-rod. 

Ikir diggings (W. Amer.), auriferous claims on shallow streams. 
Bargain, portion of mine worked by a gang on contract. 

Ikirilla (Span,), grains of native cop])cr disseminateil through ores, 
Harmastcr (l)erb.), mine manager, agent, and engineer. 

Hurmote (Derh.), mining court. 

Harrcl-uMjrk (^N. Amer.), native copper that can be hand-sorted 
ready for smelting. 

Harraxv (Corn,), a dump. 

Basque, crucible or furnace lining. 

JIass (Derb.), indurated clay. 

Basset, au outcrof). 

Hatea (Span.), a howl for separatiug metal from refuse. 

Halt (Derh,), iudu rated clay. 

Beans (N. Eng.), small coals. 

Hean-shol, copper granulated by pouring into hot water. 

Heat (Corn.), to cut away a lode. 

Bed-claim (Aust.), a mining-claim on bed of stream. 

Bed-rock, solid rock underlying alluvial. 

Bede, miners’ pickaxe. 
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lielhj-liehe^ forge hammer lifte d by cam. 
lien (Corn.)y productive. 

Benching up (N. Eug.X working on top of coal. 

Bend (Derb.), indurat^ clay. 

Benhcifl (Corn.), flowing tin stream. 

Bic/ie, a hollow-ended tool for recovering boring rods. 

Bind (Dcrb.), indurated clay. 

J Under (Corn.), mine carpenter. 

Bing (N. Eng.), 8 cwt. of ore. 

Bing-holc (Derb.), an ore-shoot. 

Bmpore (Derb.), lead ore in lumps. 

Bimj-iale (N. Eng.), ore given to the miner for his labour. 

Black hund^ an earthy carbonate of iron found in coul-bcds^ 

Jilaok copper, impure smelted copper. 

Bl(wk damp, carbonic acid gas. 

Bhtck c7i(B, refuse coke. 

B/tfvk fluj!, charcoal and }X)tassium carbonate. 

Black jack, zinc blonde. 

Black lend, graphite. 

.Black mnd (Aust.), dark minerals found with alluvial gold. 

Black tin (Corn.), dressed tin ore. 

Blanch, lead ore mixed witli other minerals. 

Blanched copper, copi>or alloyed with arsenic. 

Blanket drake (Aust.), sloping tables or sluices lined with baize for 
catching gold. 

Bliek (Germ.), iridescence on gold and silver at end of cui^olling. 
JUind creek (Aust.), dry watercourse. 

Blind level, (1) an incomplete level; (2) a drainage level. 

Bloat, a hammer swelled at tlie eye. 

Bdock claim (Aust.), a square mining claim. 

Block tin, cast tin. 

Blockmg out (Aust.), washing gold gravel in sections. 

Bloaniary, a forge for making wrought iron. 

Bloasoni, lire decomposed outcrop of a vein or coal-bed. 

Blower (N. Eng.), an outrush of gas. 

Blue-hill g, residue of copper pyrites after roasting with salt. 

Blue elvan (Corn.), greenstone. 

Blue-john (Dorh.), fluorspar. 

Blue lead (W. Aiiier.), a blue-stained stratum of gravel of great 
extent and richness. 

Blue peach (Coi n.), a slate-blue fine-grained schorl. 

Blue stone, coj)j)er sulphah'. 

Boh (Corn.), triangular frame transmitting power from engine to 
pump-rods. 

Bora (Span.), mine mouth. 

Bocamma (Spau.), mine mouth. 

Bog iron ore, loose earthy brown hematite recently formed in swampy 
ground. 
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Bollos (Span.)j trianpjular blocks of amalgam. 

Bolsa (Span.), small bunch of ore. 

Bonanza (Span.), body of rich ore. 

Bone, slaty matter in coal seams. 

Bonnet, the roof of a cage. 

Bonney (Corn.), an isolated body of ore. 

Bonze, undrc'ssed lead ore, 

Boomhiy, removing gravel by sudden outlets of pent-up water. 
Borrasca (S]ian.), unprofitable ore. 

Borf, amoi’phous dark diamond. 

Bottoms, impure copper alloy l>elow the matt in smelting. 

Bounds (Corn.), a tract of tin groimd- 
Bout (I)erb.), 24 dishes of lead ore. 

Bo'chi (Staff*.), small woochui box for hauling ironstone underground 
Bowse (Doib.), load ore as cut from the lode. 

/iojc-hill, t(x>l for recovering boriiig-ro<ls. 

Brace (Corn.), buildings at i)it mouth. 

Braize (Amor.) charcoal dust. 

Brahe-sieve, hand jiggC'r. 

BranceSf iron pyritevs in coal. 

Branch, small vein shooting off from main lode. 

Brasses, iron })yrites in coal. 

Jlrai, a thin bed of coal mixed with pyrites or limestone. 

Brattice, a lining or partition. 

Brazil (N. Eng.), iron pyrites in coal. 

Breeze, small coke. 

Brettis (Derh.), a timber crib filled with slack. 

Ih'oachiny hit, a tool for ro-o})cning bore-iiole which has partially 
closed by swelling of the walls. 

Broh, a spike to prevent timber slipping. 

Broil (Corn.), traces of a vein in loose matter. 

Jh'ooch (Corn.), mixed ores. 

Brood (Com.), heavy waste from tin and cop|>er ores. 

Brovmspar, ferruginous dolomite. 

Browse, imperfcetly smelted ore mixed with ciuder and clay. 

Bryle (Corn.), traces of a vein in loose matter. 

Bacldny, breaking down ore with a very broad hammer ready for 

Buddie, an inclined stationary or revolving i)latfQrm, on which ores 
are dressed. 

Bmtron (8i:>an.), a silver furnace. 

Bulkhead, (1) a tight partition, or stopping ; (2) the end of a fiume 
carrying water for hydraulicing. 

Bulldog, furnace lining. 

Bully, a miners* liammer. 

Bunch, a small rich ore body. 

Bunding, a staging in a level for carrying debris, 

Bunney, a nest of ore not lying in a regular vein. 

Burden, earth overlying a bed of useful mineral. 
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Belly-helve^ forj^e hammer lifted by cam. 

Ben (Cora.), productive. 

Benchiny up (N. Eug.), working on top of coal. 

Bend (Derb.), indurat^ clay. 

Benkeyl (Corn.), flowing tin stream. 

Biche, a hollow-end(3d tool for recovering boring rods. 

Bind (Derb.), indurated clay. 

Binder (Corn.), mine carpenter. 

Blny (N. Eng.), 8 cwt. of ore. 

Biny-hole (Derb.), an ore-shoot. 

Biny-ore (Dorb.), load ore in lumps. 

Biny-iak (N. Eng.), ore given to the miner for his labour. 

Black hand, an earthy carbonate of iron found in coal-beds. 

Jllack ropjicr^ inijmre smelted copper. 

Black danvpt carbonic acid gas. 

Black ends, refus(3 coke. 

Black charfioal and }x)tassium carbonate. 

Black jack, zinc blende. 

Black lead, graphite. 

Black sand (Aust.), dark minerals found with alluvial gold. 

Jilack tin (Com.), dressed tin ore. 

Blanch, lead ore mixed with other minerals. 

Blanched copper, coi>i>er alloyed with arsenic. 

Blanket strakc (Aust.), sloping tables or sluices lined with baize for 
catcliing gold. 

Bliek (Germ.), iridescence on gold and silver at end of cupelling. 
Bilind creek (Ausl..), dry w^atercoiirse. 

Blind level, (1) an incomplete level; (2) a drainage level. 

Bloat, a Jiammcr swelled at the eye. 

Bdoch claim (Aust.), a square mining claim. 

Block tin, cast tin. 

Blockmy out (Ansi.), washing gold gravel in sections. 

Bloomary, a forge for making wrought iron. 

JBossoni, the decomposed outcrop of a vein or coal-bed. 

Blower (N. Eng.), an outrush of gas. 

Bine-hilly, residue of copper pyrites after roasting with salt. 

Blue elvan (Corn.), greenstone. 

Blue-john (Derb.), fluorspar. 

Blue lead (W. Amer.), a blue-stained stratum of gravel of great 
extent and richness. 

Blue peach (Corn.), a slate-blue flno-grained schorl. 

Blue stone, coj)])cr sulj)hat('. 

Boh (Corn.), triangular frame transmitting power from engine to 
pumi)-rod8. 

Boca (8pan.), mine mouth. 

Boenmma (S^jan.), mine mouth. 

Jkuf iron oi'e, loose earthy brown hematite recently formed in swampy 
ground. 

Boliche (Span.), concentrating bowl. 
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BqIIo8 (Span.), trianp^ular blocks of amalgam. 

BoUa (Span.), small bunch of ore. 

Bonanza (Span.), body of rich ore. 

Bme, slaty matter in coal seams. 

Bonnet^ the roof of a cage. 

Bonne y (Corn.), an isolated body of ore. 

Bonze ^ undressed lead ore. 

Boominij^ removing gravel by sudden outlets of pent-up water. 
Borrasca (Span.), iiuprofitable ore. 

Jhr/, amorplious dark diamond. 

Bottoms, impure copper alloy below the matt in smelting. 

Bounds (Corn.), a tract of tin ground. 

Bout (Derb,), 24 dishes of lead ore. 

Bon'/ie (Statf.), small woodon box for hauling ironstone undergroun<l 
Bowse (Derb.), lead orc^ as cut from the lode. 

Box-bil/, tool for recovering boring-rods. 

Brace (Cora.), buildings at pit mouth. 

Braize (Amer.) cliarcoai dust. 

Bra/ie-suive^ hand jigger. 

Jlranvcsj iron ])yrites in coal. 

Branch, small vein shooting off from main lode. 

Brasses^ iron pyrites in coal. 

Brat, a thin beil of coni mixed with pyrites or limestone. 

Brattice^ a lining or partition. 

Brazil (N. Kng.), iron pyrites in coal. 

Breeze^ small coke. 

Brettis (Derh.), a timljer crib iilled with slack. 

Broachina hit, a tool for ro-ojKuiing bore-hole which has partially 
closed hy swelling of the walls. 

Brob, a spike to prevent timber slipping. 

Broil (Corn.), traces of a vein in loose matter. 

Brooch (Corn.), mixed ores. 

Brood (Corn.), heavy waste from tin and copper ores. 

Brovmspar, ferruginous dolomite. 

Browse, imperfeeily smidted ore mixed with cinder and clay. 

Bryle (Corn.), traces of a vein in louse matter. 

Buckiny, breaking down ore with a very broad hammer ready for 
jigging. 

Buddie, an inclined stationary or revolving jdatform, on which ores 
are dressed. 

Bmtron (Span.), a silver furnace. 

Bulkhead, (1) a tight partition, or stopping ; (2) the end of a flume 
carrying water for hydraulioiug. 

Bulldog, furnace lining. 

Bully, a miners' hammer. 

Bunch, a small rich ore body. 

Bunding, a staging in a level for carrying debris. 

Bunney, a nest of ore not lying in a regular vein. 

Burden, earth overlying a bed of useful mineral. 
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liarr^ Bolid rock. 

Burrow, refuse heap. 

Buscones (Spun.), prospectorB, fossickers, tribute workers. 

Buttj coal surface exposed at right angles to the face. 

Butty (Mid.), a contract miner. 

Cabezuela (Span.), rich gold and silver concentrates. 

Cal (Corn.), wolfram. 

Cala (Span.), prospecting pit. 

Caliche (Span.), folsj)ar. 

Callys (Corn.), stratified rocks traversed by lodes. 

CancJi, stone quarry. 

Cancha (Span.), space for drying slimes. 

Cand (Corn.), liuorspar. 

Cank (Dorb.), wh instone. 

Caple (Corn.), hard rock lining tin lodes. 

Carhona (Corn.), an irregular deposit of tin ore. 

Case, a fissure admitting water into a mine. 

Cata (Span.), a mine denounced but not worked. 

Caw/(N. Eng.), a coal bucket or basket. 

Caunter (Corn.), a vein crossing diagonally. 

Cawk, baryta sulphate. 

Cazeador (Spun.), amalgamator. 

Chats (K. Eng.), small ))iece8 of stone with ore. 

Civilian 7nUl, a mortar mill. 

Chimney, an ore shoot. 

Choke-damp, carbonic acid gas. 

Chuza (Siiuu.), a washer. 

Claggy (N, Eng.), when coal is tightly joined to the roof. 

Claim, a j)ortion of mining ground held under one grant. 

Clean-up, collecting the product of a period of work with battery or 
sluice. 

Cleat, (1) a joint in rock ; (2) a W'edgo. 

Clod, soft si) ale or shite roof to coal. 

Coal-pipes (N. Eng.) very thin irregular coal beds. 

Cob (Corn.), to break up om for sorting. 

Cobre, Cuban copper ores. 

Cockle (Corn.), black tourmaline, often mistaken for tin. 

Cod (N. Eng.), thi bearing of an axle. 

Cofer (Deib.), to caulk a shaft by ramming clay behind the lining. 
•Coffer, the iron box in which stamps work. 

C(^n (Corn.), an old pit. 

Coil drag, a tool for picking pebbles, &c., from drill holes. 

Colas (Span.), brown sulphides. 

Colorados (Span.), decomposed ores stained with iron. 

Colours^ particles of gold found in panning a sample. 

Colrake, a shovel for stirring lead ores while washing. 

Cope (Derb.), lead mining on contract. 

Copela (Span.), dry amalgam. 
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Copelilla (Span.), zinc-bende. 

Corbond^ an irregular mass from a lode. 

Corf, a mine wagon or tub. 

Coro-aoro (S. Amur.), grains of native copper mixed with pyrite, 
clialco-pyrite, mispickel, (fee. 

Coroe, a mining wagon or tub. 

Cost-book (Corn.), mining accounte. 

Costcau ((]orn.), to prospect a lode by sinking i)its on its supposed 
(joiirse. 

C<nmtry, the formation traversed by a lode. 

Cow, a self-acting brake. 

Coijotiiyj (W. Ainer.), irrc^gnlar mining by small pits. 

Crab-hote (Aust.), water-worn holes in bed rock. 

Cradle, a wooden trough for washing gold sands. 

Cramp, a pillar left for support in a mine. 

C ranch, part of a vein left l)y ]»revious wa>rkers. 

Creaze (Corn.), titi ore oollected in the middle of the huddle. 

Creep, movement of walls or floor of a mine. 

Crib, a timber frame. 

Cribble, a sieve. 

C?'op (Corn.), the l iohest portion of dressed tin ore. 

Cross-course, a cross vein. 

Cross-cAit, a level drive ai across a vein. 

Crosses and holes (Derh.), made in the ground by the discoverer of a 
lode to temporarily secure possession. 

Crow-foot, a tool for drawing broken boring rods. 

Cidm (Kug.), anthracite ; (N. Amer.), fine waste coal and dirt. 

Curb, a timber frame. 

Ihim, a barrier for water or gases. 

D<nnp, poisonous gas. 

Dan (N. Eng.), a truck without wheels. 

J.hint (N. Eng.), soft inferior coal. 

Vead, (1) unproductive ; (2) uuventilated. 

Dead merds graves (Aust.), grave-liko mounds in the basalt under- 
lying auriferous gravels. 

Dead riches (N. Amer.), lead carrying much buUio)i. 

Dead roasting, roasting till all sulphur is driven off. 

Deads, rubbish. 

Dead work, unproductive work. 

Dean (Corn.), the end of a level. 

Desaguador (Span.) a water pipe or drain. 

Desecho (Span.), floured mercury, 

Desmontes (Span.), poor ores. 

Despdblado (Span.), ore with much gangue. 

Dessue (Corn.), to cut away the ground beside a thin vein so as to 
remove the latter whole. 

Dialling, surveying. 

Dillueing (Corn.), dressing tin slimes in a fine sieve. 
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JHppa (Corn ), a small catch- water pit. 

Dish ((3r)rii.), an ore measure ; in lead mines a trough 28 in. long, 
4 in. deej), and G in. broad ; soinotimes 1 gal., sometimes 14-16 
pints. 

Dhxuc (Corn.), see Beasue. 

/>o%, (1) a perforated board for breaking up clay in puddling ; 

(2) a priniitivti quartz stamp. 

Donk (N. Eng.), soft mineral found in cross veins. 
l>rad[je (Corn.), inferior ore separated from the prill. 

Dresser (Staff.), a large coal pic-k. 

Drifts (1) a tunnel following the vein ; (2) alluvial deposits. 
Droj)pe>\ a braneli leaving tlus vein on the footwall side. 

J)ru()(fon (Stair.), a vessel for carrying fresh water into a mine. 
Dunifi'd, chokcil — of a sieve or grating. 

Dump, a heap of ore or nduse. 

Durn (Corn.), a timber frame. 

Durr (Germ.), barren ground. 

Dzhu (Corn.), sec Dessue. 

Efifdd (Wales), copper. 

Khan (Corn.), a belt of felspatliic or porpbyritic rock, 

Estam (Sj)an.), tin. 

Faldband (Germ.), a course impregnated with metallic sulphides. 
Faiscador (Sjian,), a gold-washer. 

False bottom, a bed of rook under alluvial wliioli has other alluvial 
below it. 

Famp (N. Eng.), thin beds of soft tough shale. 

Fawj (Derb.), an air course. 

Fast (Corn.), bedrock. 

Fei<jh (N. Eng.), ore refuse. 

Ferro bkmco (Span.), arseuopyrite. 

Flang (Corn.), a double-))oiuted pick. 

Flat wall (Corn.), footwall. 

Float, detaclied fragments of a quartz reef. 

Floran (Corn.), V(‘rv line tin. 

Flouring, the breaking-up and contamination of mercury, rendering 
it useless for amalgamating. 

Flucan (Corn.), clayey matter in a lode. 

Fluke, a rod for cleaning out drill-holes. 

Flume, a water conduit. 

Fiuthwerk (Germ.), river prospecting. 

Fodder (N. Eng.), 21 cwt. of lead. 

F(H)t (Corn.), 2 gal. or 60 lb. black tin. 

Force piece, diagonal timbering to secure the ground. 

Fork (Com.), bottom of sump ; (Derb.), prop for solt ground. 
Fossicking, casual and unsystematic mining. 

Fother (N. Eng.), ^ chaldron. 

Free milling, ores requiring no roasting or chemical treatment. 



Glossabt. 


395 


Gad^ a wedge. 

(ra/(Coni.), hard gossan. 

Oale^ a grant of mining ground. 

Galctnador (S[)au.), a silver furnace. 

Galkujc, royalty. 

Ganijuc, refuse associaled with ore. 

iiaimtcr, furnace lining composed of fire clay and ground quartz. 
Gatekes (Corn.), final sludge from tin dressing. 

Glisi (Corn.), micaccjous iron ore. 

Goaf^ worked-out ground, and the refuse with which it is filled. 
Goh^ see Goaf. 

Gosaan (Corn.), ferruginous quartz or calespar filling a lode. 

Got/iS (Staff.), sudden burstings of coal from tluj face owing to 
tension caused by unequal pressure. 

Gouijr (N. Amer.), soft clay lying between the ore body and sides 
of the lode. 

Oniiia^ surface'. 

Grasscro (Span.), slag-lioap. 

Grena (Span.), undressed ore. 

Grizzly (W. Airier.), a grating to throw ont large stones from 
hydraulic gold sluices. 

G) 0 (tvc (l)erb.), a mine. 

Grouan (Corn.), gianit(‘. 

Grundy^ granulate<l pig iron. 

Gwiy (Corn.), workt;d-out ground. 

Gnhljiii^ ironstoiK*. 

Guija (Span.), ([unrtz. 

Gumiies (Corn.), ?» ft. 

Gurt (Corn.), water runnel from dressing-floor. 

Ilrnani (Wales), iron. 

Halvana (Corn.), inferior copper ore. 

Hard-head^ residue from tin refining; contains much iron and 
arseni<;. 

IJazlc (N. Eng.), sandstcuie mixed with shale. 

Ihchado (Span.), dip. 

UUo (Span.), a thin metalliferous vein. 

Hulk (Corn.), to pick out the soft portions of a lode. 

Ilunyry, worthless looking. 

Jlushimj^ prospecting by laying ground bare by sudden discharges 
of pent-up water. 

Hutch (Com.), an ore-washing box. 

Hydraullciny (W. Amer.), working auriferous gravel beds by 
hydraulic power. 

Tnch^ Miuers\ see p. 23. 

Irestone (Corn.), any hard tough stone. 

Iron haty decomposed ferruginous mineral capping a lode. 
ftabiriie (firaz.), micaceous iron ore. 
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Jaootinffa (Braz.), ferruginous ores associated with gold. 
dales (Span.), tailings. 

Jigging^ separating heavy from light particles by agitation in 
water. 

Judge (Derb. and N. Kng.), a measuring staff. 

Kann (Corn.), fluorspar. 

Kazen (Corn.), a sieve. 

Kcckle-medde^ jioorest lead ore. 

Kerned (Corn.), ))yrit(*s hardened by exposure. 

Keeil (Derb.), a calespar found in lead veuis. 

Kibble^ a mining bucket. 

Kieve^ tossing-tub. 

Killas (Corn.), clay slate. 

Kircing (TST. Iflng.), the cutting made beneath the coal seam. 

Lama (Span.), slimes. 

Lappior (Corn.), an ore dresser. 

Launder^ water trough. 

Lazyback (Staff.), a coal stack. 

Leat, water-course. 

Leadings (Corn.), halvans. 

Limadnra do plata (Span.), dry silver amalgam. 

Linnets (Derb.), oxidis(‘d lead ores. 

Lista (Span.), tail of impure mercujy. 

Long^iom, a gold-washing tnuigh. 

Looh (Corn.), sludge from tin dressing. 

Macho (8j)an.), un worked lode. 

Magistral (Span.), roasted coj)per pyrites, copper sulphate, &c», used 
to reduce silver ores. 

Makings (N. Eug.), small coal produced in kirving. 

Manga (8pan.), canvas bag for straining amalgam. 

Maquilla (Span.), a custom mill. 

Marinajas (S])an.), eonceutnited sulphides. 

Maza (Span.), stain]) he ad. 

Mear (Derb.), ^2 yd. along the vein. 

Miners^ inchy si e p. 23. 

Mistress (N, Eng.), a miners' lamp. 

'Mockdead (Corn.), zinc-blende. 

Moil (Corn.), a wedge-pointed drill. 

Mucks (Staff.), bad earthy coal. 

Mundic, jiyrites. 

Negrillo (Span.), black sulphide of silver. 

NittingSy refuse of good ore. 

Noria (Span.), an endless chain of buckets. 

NutSy coal of a certain size. 
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07'o (Bpati.)j 

(h'oche (Span.), retorted bullion. 

Overburden, soil overlying a bed of useful mineral. 

Packing (Corn.), final dressing of tin or copper ore. 

Pacos (Spun.), ferruginous silver ores. 

Panning, washing earth or crushed rock in a shallow dish (sec 
p. 325). 

Pasilla (Span.), dry silver amalgam. 

Peach stone (Corn.), chlorii(‘.. schist. 

Pee (Derb.). a fragnumt of lead ore. 

Pepenado (Si)an.), dressed ore. 

PUch (Corn.), portion of lode worked by tributers. 

Pillion (Corn.), metal remaining in slag. 

Piping, hydra ul icing. 

Placer, an alluvial mine. 

Plata (Span.), silver. 

Plida Cornea amarillia (Span.), iodyrite. 

Plata cornea hlanca (Sf)an.), cerargyrite. 

J^lata cornea rerde (8])an.), embolite. 

Plata mixta (Span.), gold and silver alloy. 

Idata negra (Si)an.), argentite. 

Jdata pasta (Span.), spongy silver bars after retorting. 

Plata pina (Span.), silver after retorting. 

Plata Verde (Spun.), bromyrife. 

Plate (N. Eng.), scaly shale in limestone beds. 

PlonU) d\euore (Fr.), dressed galena. 

Plorno (Span.), lead, galena. 

Plusk copper, chalcjotrichite. 

Plimi (Wales), lead. 

Poch-erz ((.^erm.), ore requiring to be crushed and dressed, 

Podar (Corn.), copper pyrites. 

Polroz (Corn.), water-wheel jut, 

Polvillos (S{)an.), rich ores, 

Polvoulla (Span.), black silver. 

Pot gi'owan (Corn.), decoirq^osed granite. 

Priori (Corn.), soft white clay. 

Prill (Corn.), the best ore after cobbing. 

Prgan (Corn.), see Prian. 
h*ulp, crushed ore, wet or dry. 

Quajado (Span.), dull lead ore. 

Qiictscimerk (Germ.), ore requiring to be crushed and dressed. 

Qriiok, (1) productive ; (2) mercury, 

Qaillato (Span.), carat. 

liahhan (Corn.), yellow dry gossan. 

Rack (Corn.), a stationary huddle. 

Raffain (Corn.), poor ore. 
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ling burning (Corn.), the first roasting of tin-witts. 

Ragging (Corn.), rougb cobbijig. 

Rake (Corn.), a vt3in : (Dorb.), fissure vein crossing strata. 

Ramble (S. Kiig.), slinlo bed overlying coal. 

Red rab (Corn.) red slaty rock. 

Rcliz (Span.), wall of b)do. 

RicA (N, Atner.), open heap in which coal is coked. 

Riffle, a groove or clieck on the floor of a sluice to catch gold. 
Rimrock, bed rock forming a boundary to gravel deposit. 

Rvsiclara (Span.), rul>y silver ore. 

Roughs (Corn.), second quality tin sands. 

Scomn (Corn.), a tin lode showing no gossan at surface. 

Scove (Corn.), ]>urest tin ore. 

Rcrin (Derb.), a small vein. 

Scrowl (Corn.), loose ore where a vein is crossed. 

Seam (Corn.), a horse-load of ore. 

Shadd (C(»rn.), rounded fragments of ore overlying a vein. 

Shot (Staff.), 1‘allen roof of coal mine. 

ShiHid (Corn.), see Shadd. 

Shoading (Corti.), pr()hi)ectiug. 

Sickenmg, see Flouring. 

Siddlc, inclination. 

Skimjjings (Com.), the poorest ore skimmed olf tlui jiggen*. 

Ski}), a box for raising ore. 

Skit (Corn.), a puiiiji. 

Slack, small coal. 

Sleek (Derb.), mud in a mine. 

Sleeping-table (0<3riJ.), a biiddb^. 

Slicheusides, i)oJished surfaces of vein walls. 

Slimes, must finely crushed ore. 

Sludge, see Slimes. 

Sluice, a long channel in rock or of timber, witli chocks to catch 
gold. 

Slurry (N. Wales), half smelted ore. 

Sineddum, lead ore dust. 

Smut (Staff.), soft bad coal. 

SoUar (Corn.), platform, landing. 

Spall, to break ore for di’essing. 

Sp&iss (Germ.), impure arsenides produced in copper and lead 
smelting. 

Spiegeleise7i (Germ.), manganiferous white ca^t iron. 

Spills (Com.), a tenq)orary lagging driven ahead on levels in loose 
ground. 

Squat (Corn.), tin ore mixed with spar. 

Saindagc, pump reservoir. 

Stannary, tin works. 

Stope, to excavate mineral in a series of stepa» 

Stowce, (1) windlass; (2) landmarks. 
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Strake, an inclined table or trough for separating metal from refuse. 
Studdles, timber props. 

platform to carry miners or waste. 

Stup^ powdered coke or coal mixed with clay. 

Sturt, a tribute bargain profitable to the miner. 

Stythe (N. Eng.), choke-damp. 

Sweeping-fable, a stationary huddle. 

Swither (N, Amer.), a crevice branching from a main lead lode. 

Tailings, the refuse flowing from the tail or lowest end of the 
apparatus. 

Teem, to pour or tip. 

Tepetate (Span.), rubbish. 

Thai (N. Eng.), floor of coal mine. 

Thw'l (Staff.), to cut through from one working into another. 
Ticketing (Com.), purchasing ore by tender on tickets. 

Tierras (S[)an.), earth impregnated with mercury ore. 

Tin-witU (Corn.), product of first dressing of tin ores, containing 
also wolfram and sulphides. 

Tossing, shaking powdered ore in water to effect separation of 
heavy and light particles. 

Trapiche (Span.), a primitive grinding mill. 

Trcloohing (Corn.), stirring tin slimes in water. 

Tributers, min(irs paid by results. 

Turbary, a peat bog. 

Tut-work, work paid for by the piece, not by results. 

Tye, a strake. 

Van, to dress or concentrate ore by hand or machine. 

Vend (N. Eng.), total sales of coal from a mine. 

Vestry (N. Eng.), refuse. 

Vinney, copper ore with green efflorescence. 

Vugh (Corn.), a cavity. 

Wale (N. Eng.), hand-dressing coal. 

Wash dirt, auriferous gravel. 

Wceldon, old ironstone workings. 

Whim, a winding drum. 

Whip, a wirjding pulley. 

Whits, see Tin-witts. 

Wild lead, zinc blende. 

Winze, interior shaft connecting levels. 

Wythern (Wales), lode. 

Y ellow ore (Corn.), chalco pyrite. 
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Andre, G. G., Coal Mining, 72«. 

Beringer, 0. & J. J., Text-book of Assaying, for use of those 
connected with mines, 10a. 6d. 

Bloxam, 0. L., and Huntington, A. K., Metals, their Properties and 
Treatment, 5a. 

Bowie, A. J., Hydraulic Mining, 21 a. 

Brough, B. H., Mine Surveying, 7s. 6(1 

Brown, W. L., Manual of Assaying Gold, Silver, Copper, and Lead 
Ores, 12a. 6d. 

Chaileton, A. G., Tin Mining, Dressing, and Smelting; with 
notes on arsenic, bismuth, and wolfram, 12a. 6d. 

Crew, B. J., Practical Treatise on Petroleum, 21a. 

Dana, J. D., Manual of Mineralogy and Petrography, 10a. Gd. 
Davies, D. C., Metalliferous Minerals and Mining, 12a. 6d. 

Earthy and other Minerals and Mining, 12a. 6d. 

— Slate and Slate Quarrying, 3a. Gd. 

Dron, B. W., Text-book of Mining Formulae, la. 9d. 

Fairley, W., Colliery Manngei'^s Calculator, 4a. 

Greenwell, G. C., Mining Engineering, 15a. 

Gresley, W. S., Glossary of Terms used in Coal Mining, 5a. 

Hioms, A. H., Practical Metallurgy and Assaying, 6a. 

Hunt, E., British Mining, 42a.. 

Kirkpatrick, T. S. G., Hydraulic Gold Miner’s Manual, 6a. 
Kunhardt, W. B., Ore Dressing in Europe, 6a. 

Lock, C. G. W., Mining and Ore-dressing Machinery, 52a. Gd. 
Practical Gold Mining, 42a. 

M‘Dermott, ^V., and Duffield, P. W., Losses in Gold Amalgama- 
tion, 5a. 

Merivale, J. H., Notes and Formula) for Mining Students, 2a. Gd. 
Osborn, H. S., Practical Manual of Minerals, Mines, and Mining, 
21a. 

Pamely, 0., Colliery Manager’s Handbook, 2.5a. 

Penning, W. H., Engineering Geology, Sa. Gd. 

Field Geology, 78. Gd. 

Percy, C. M., Mechanical Engineering of Collieries, 40a, 

Phillips, J. A., Ore Deposits, 25a. 

Bandall, P. M., Quartz Operator’s Handbook, 10a. Gd. 

Sawyer, A. B., Accidents in Mines; their causes and means of 
diminishing their frequency, 21a. 

Smyth, W. W., Coal and Coal Mining, 4a. 

Stone, T. W., Simple Hydraulic Formulao, 6a. 

Van Wagenen, T. F., Manual of Hydraulic Mining, 5a. 
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Agate, specific gravity, 103 
Aich metal, 347 
Air, compressed, haulage, 156 

volume, 123 

■ compressors, 118 

comjuithig size, 121, 123 

■ cooling, 122 

eliiciency, 122 

ily wheel, 122 [124 

for mountainous districts. 
In gersol 1-Sergeant, 379 

• rules, 122 

• speed, 122 

tables, 125 

mains, 124 

power, 8 

receivers, 118, 124 

supjdy for ventilating, 139 

transmission ot power, 81, 82 

Alabaster, weight, 102 
Alkalies, action on metals, 353 ^ 
Alloy expanding in cooling, 349 
Alloys, composition, table, 347 

• copper, assaying, 342 

• valuing gold in, 211 

• weights, 104 

Alluvial gold mining, cost, 197 
Aloes rope, 146, 147, 148, 149 
Alum shale, 306 

stone, 306 

— ■ weight, 102 
■Aluminium, 306 


Aluminium .and iron, 362 

silica, 362 

atomic weight, 354 

bronze, 347 

commercial, composition, 362 

ductility, 354 

expau.sion, 354 

fusing i)oint, 354 

heat conductivity, 354 

impurities, 362 

ores, valuing, 362 

ro[»e, 165 

solder, 351 

specific gravity, 354 

symbol, 354 

tensile strength, 354 

valuing, 362 

weight, 104, 354 

Amalgam retort, 217, 220, 224 
Amalgamated jdates, 202, 216 
Ainalgarnatiug gold, 202 

pyrites, 208 [182 

Auialgam.atioii, minerals affecting, 
Amalgamator, centrifugal, 178 
Amalgams, composition, 347 
Amber, weight, 102 
Amethyst, specific gravity, 103 
Ammonium chloride action on copper, 
iron, and lead, 353 
Amorpha canescens, 263 
Auagoue, 130 
Andesite, 263 
Animal power, 5 
Anthracite, weight, 101, 102 
Antimouial gold oi’es, assaying, 337 
Antimony, 306, 315 

affinity for sulphur, 354 

— and arsenic, 362 
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AEtimony and cop]:)er, 362 

lead, 181, 362 

silver, 182, 362 

tin, separating, 343 

" - zinc, 362, 365 

atomic weight, 354 

— * electric conductivity, 354 
-- expansion, 354 

fusing point, 354 

— heat conductivity, 354 
impurities, 362 

in copper, 364 

— lead, 364 

zinc, 365 

ores, treatment, 231 

valuing, 362 

weight, 181, 260 

specific gravity, 354 

symbol, 354 

tensile strength, 354 

valuing, 362 

weiglit, 104, 354 

Apatite, 318 

■ and iron, 181 

Areas, 107 
Argentan, 347 
Argentite, 335 
Arguzoid, 347 
Arrastra, 203, 204 
Arrington amalgam, 347 
Arroba, 106 

Arsenic, 318 

■ affinity for sulphur, 354 

and antimony, 362 

cobalt, 182 

copper, 364 

lead, 181, 364 

— zinc, 365 

— atomic weight, 354 

ores, 181, 3^8, 335, 336 

specific gravity, 354 

symbol, 354 

weight, 104 

Arsenical gold ores, assaying, 337 
Arsenides, roasting, 205, 208, 209, 
Arsenopyrite, 181, 335, 336 [366 

Asbestos, 320 
weight, 102 


Ascending and descending skips, pla( 
of meeting, 158, 159 
Asphalt, weigljt, 102 
Ass power, 7 

Assay ton equivalents, 339 

values, calculating, 341 

Assaying, 324 

— antimonial gold ores, 337 

arsenical gold ores, 337 

auriferous metal, 331 

— — mineral, 324, 345 

bullion, 332 

— carbonate ores, 337, 341, 343 

charges for gold and silver ores 

cliloride ores, 337 [33' 

copper alleys, 342 

ores, 338, 341, 342 

float gold, 345 

■ free gold, 345 

— — galena, 338, 343 

gold dust, 332 

ores, charges, 337 

for free gold, floal 

gold, and pyritous gold, 345 

troy weights and per* 

centages, 209 

iron ores, 338 

lead ores, 337, 338, 343 

pyrites, 338, 345 

pyritous g(dd, 345 

— reducing agents, 336 

silver ores, charges, 337 

tellurides, 338 

tin, 343 

zinc blende, 338 

Asterisrn of minerals, 298 
Atomic weights of metals, 354 
Auriferous fissures, wall rocks, 261 

metal, assaying, 331, 332 

mineral, assaying, 324, 337, 338, 

345 

Babbitt Metal, 347 
Ball dredger, 180 

ejector dredge, 381 

Ball mill, 178 
Barium, 306 

atomic weight, 354 
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Barium, specific gravity, 354 

symbol, 354 

weight, 104 

Barrel chlorination, 207 

Barrels for rope winding, 148, 157, 

Barytes, ,306 [159 

and lead, 181, 364 

weight, 102, 181, 260 

Basalt, 263 

weight, 101, 102, 261 

Bathstone, weight, 103, 261 
Bauxite, valuing, 362 
Beaches, pros])ecting, 109 
Bedding of veins, 265 

j)lanos, 265 

Beds, mining, 289 

Beech trees and limestone, 264 

Belgian mine ropes, 146 

Bell metal, 347 

Bell’s coal w'asher, 232, 233 

Belt gearing, 93 

Belting, specifications, 216, 220 

Belts, Jingle of cout.act, 96 

double, 93 

dressing, 9.'> 

finding length, 93 

power, 93, 96 

hesh side, 93 

friction, 93 

horse- power, 96 

length, 93 

motive force, 96 

I)utting on, 93 

rubber, 93 

safe working strength, 96 

single, 93 

slipping, 93 

speed, 93, 96 

tables, 97-100 

tension, 93 

width, 93, 96 

work, 93 

Beryllium, atomic w'-eight, 354 

• specific gravity, 354 

symbol, 354 

Bibliography, 400 
B>irch indicating iron, 263 
h'isnuith, 306 

Bisinutli, affinity for sulphur, 354 


Bismuth and copper, 364 

tin, 181 

atomic weight, 354 

electric conductivity, 354 

— expansion, 354 

fusing point, 354 

heat conductivity, 354 

s])ecific gravity, 354 

symbol, 354 

tensile strength, 354 

weight, 104, 354 

Bitumen, weight, 102 
Bituminous coal, weight, 101 
Blasting, 126 

anagone, 130 

carbonite, 130 

cellulose-dynamite, 126, 129 

charges, 126, 127 

drilling in granite, 127 

dualine, 129 

dynamite, 126, 127, 128, 129 

elfects, 126, 128 

explosive- gelatine, 129 

explosives, 126, 127, 128, 129 

fi redam j), 128 

guncotton, 126, 127, 128, 129 

gunpowder, 120, 127, 128, 129 

■— — iielliiofite, 130 

kieselgiihr, 129 

kinetite, 130 

lithofracteur, 126 

iiitro-giycerine, 126, 129 

roburite, 130 

Schiillzo's ]>owder, 129 

securite, 130 

i shafts, 126 

! tonite, 126 

i tunnels, 126 

weights of explosives, 127 

Blende, 316, 335, 336 

valuing, 365 

weight, 181, 260 

Blue-stone, weight, 103 
Blue-vitriol, 308 
Bogus gold, 334 
Boiler scale, 17’) 

specification, 217, 221 

Bolts, w’orking strains, 361 
Books, useful, 400 
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Sorates, 320 
Boraj[; 320 

weight, 102 

Bore-hole, indicating, 256 
Boring. See Drilling. 

ironstone beds, 112 

pits, 131 

prospecting, 112 

tools, cost, 112 

Borneo coal, weight, 102 
Bornite, 335 

Boron, atomic weight, 354 

specific gravity, 354 

symbol, 354 

weight, 104 

Boulders, water power to move, 199 

weight, 101 

Brass, 347 

— coefficients of strengths, 300 
weight, 104, 105 

Bricks, weight, 102 
Brickwork, weight, 102, 103 
Bristol stone, weight, 103 
Brit'annia metal, 348 
British rocks, 252 
Bromine, atomic weight, 354 
specific gravity, 354 

— symbol, 354 

weight, 104 

Bronze, 348, 350 

weight, 104 [1^8, 159 

Buckets, computing meeting place. 
Building, measuring across, 239 
Bullion, assaying, 332 

I’urnace, 217, 220, 224 

Granulating, 212 

inquartation, 212 

refining, 212 

valuing gold in, 211 

Bullivant’s ropeways, 170 
Bullock power, 8 

Bull’s metal bolts, 361 [3GO 

coefficients of strengths, 

rolled, weight, 359 

tenacity, 358 

Bunker Hill chlorination, 207 
Burning pyrites, 366 


Caules, Cost, 84 

Cadmium, affinity for sulphur, 354 

— and zinc, 3fe 

atomic weight, 354 

expansion, 354 

fusing point, 354 

specific gravity, 354 

— symbol, 354 

weight, 104, 354 

Caen stone, weight, 103 
Caesium, atomic weight, 354 

fusing point, 354 

specific gravity, 354 

symbol, 354 

Cages, 165 [159 

computing meeting place, 158, 

guides, 376 

safety, 166 

Calamine, 316 

indicated by vegetation, 264 

— valuing, 365 

weight, 181 

Calaverite, 310 
Calcining pyrites, 366 
Calcite, specific gravity, 181 
Calcium, atomic weight, 354 

specific gravity, 354 

symbol, 354 

weight, 104 

Calcspar, 320 
Cambrian, 255 

Canals, determining proportions, 40 
evaporation from, 46 

— finding area of section, 39 

capacity, 40 

— discharge, 49 

section, 49 

velocity, 49 

grade, 48 

horse traction on, 6 

wet perimeter, 39 

Cannel coal, weight, 101, 102 
Carbon, atomic weight, 354 

— symbol, 354 
weight, 102 

Carbonate ores, assaying, 337, 342 
Carbonates in manganese ores, 364 
Carboniferous, 254 
Carbonite, 130 
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Carga, 106 

Car-loads, computing horses for. 7 
Carnelian, specific gravity, 103* 
Carron coal washer, 232, 233 
Cassiterite, specific gravity, 181 
Cast iron, action of alkalies on, 353 

— chlorideson, 353 

sulphuric acid 

on, 353 

coefficients of strengths, 

— expansion, 355 [360 

— fusing point, 355 

— tensile strength, 355 
Caustic soda, action on copper, iron, 

and lead, 353 
Celestite, 314 

Cellulose dynamite, 126, 129 
Cement, weight, 102 
Cemented gravel, weight, 101 
Centrifugal amalgamator, 178 

pumps, 135 

reducer, 178 

Cerium, atomic weight, 354 

— specific gravity, 354 
symbol, 354 

Cerussite, 312 
Chains, working load, 159 
Chalcocite, 335, 336 
Chalcopyrite, 335, 336 
Chalk, weight, 102, 261 
Chalybite and lead, 181 
— — specific gravity, 181 
Change of grade in hauling, 150 
Charcoal, weight, 101 
Cheval-vapeur, 1 
Chili coal, weight, 102 
China clay, 322 
Chinese silver, 349 

white copper, 349 

Chloride ores, assaying, 337 
Chlorides, action on copper, iron, and 
lead, 353 

Chloridising silver mill, 221 
Chlorination, cost, 205 

gold, 204 

minerals affecting, 182 
Chlorine, atomic weight, 354 

symbol, 354 

Chropiite, 306 


Chromium, 306 

atomic weight, 354 

specific gravity, 354 

symbol, 354 

weight, 104 

Chrysolite, specific gravity, 103 
Churn drilling, 116 
Cinnabar, 3 1 2 

fines, roasting, 368 

— weight, 104, 181 

Circles, 106, 107 
Classifiers, 182, 183, 184 
Clay slate, weight, 101 

water power to move, 199 

weight, 101, 102, 261 

Coal, an a of inclined seams, 294 
— - cleaning, 232 
hash washers, 232, 233 

■ bi-eakage, 236 

■ cost, 232, 236 

of washer, 232 

washing, 232 

• dross, 236 

• dry, 234, 236, 237 

I felsp.'ir washers, 232, 233, 

I for coke, 238 [237 

generalities, 236 

gum from, 238 

hutches, 235 

jigging, 236 

loss in dross, 232, 233 

picking hands, 234, 236 

I results, 232, 233 

I rotary washers, 232, 233 

• round coal, 237 

• screening, 236, 237 

■ settling j)onds, 238 

■ trough washers, 232, 233, 
234, 235, 236, 237 

■ water for, 238 

used, 232 

wet, 234, 236, 237 

contents of inclined seams, 294 

cutting, 144 

hand and machine corn- 

jjared, 144 

heaps, estimating contents, 292 

mining, 289 

seams, calculating contents, 29i^ 

2 0 2 
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( 'oal seams dip working, 200 

• table of weights, natural 
and broken, 292 

shooting, 200 

washing, 232 

weight per acre, 293 
•weights, 101, 102, 181, 292 
Col^alt, 308 

• affinity for sulphur, 354 

— atomic weight, 354 

— bloom, 308 

— glance, 308 

— objectionable associates, 182 

— oxide, 308 

— pyrites, weight, 200 

— specific gravity, 354 

— symbol, 354 

— tensile strength, 354 

• weight, 104, 354 
Cockbiirii dredger, 382 
Oftke, weight, 102 
Collieries, cost of lighting, 140 

• levels, indicating, 250 

ventilating furnaces, 138 

Colour of miiiernls, 297 
Columbinm, weight, 104 
Combination mills, 228 
Commans’s drills, 120 

ropeways, 170 

Compressed air. See Air Com- 
pressors 

Compressor, Ingcrsoll-Sergeant, 379 
Conc(3ntrating tables, 182, 183, 184, 
Concrete, weight, 102 [384 

Conductivities of metals, 354 
Contact planes, 2G0 
Convolvulus altluToides, 264 
Cooke ventilator, 137 
Coppde coal washer, 232, 233, 234, 
236, 237 
(.'Jopper, 308 

action of alkalies on, 353 

• chorides on, 353 
sulphuric acid on, 
353 

• affinity for suljdiur, 354 

- alloys, assaying, 342 

- and antimony, 362, 364 

■ arsenic, 864 


Copper and bismuth, 364 

- lead, 364 

- nickel, 364 
sulphur, 364 

• tin, 181 

■ zinc, 365 

atomic weight, 354 

I coefficients of strengths, 360 

• ductility, 354 

electric conductivity, 354 

expansion, 354 

finding returning charges, 363 

• standard, 363 

value of parcel, 363 

- from gohl refining, 213 

fusing point, 354 

heat conductivity, 354 

indicating, 257 

malleability, 354 

• ores, 308 

• assaying, 338, 341, 342 
objectionable associates 

181, 364 

• treatment, 231 

■ valuing, 303 
weights, 181, 260 

plates, 202 

specifications, 210 

pyrites, s]>ecific gravity, 181 

nitnrning charges, 863 

rolled, tenacity, 358 

ropes, 76 

settled j)roduce, 363 

smelting plant, 229 

specific gravity, 354 

standani, 363 

symbol, 354 

tenacity, 354 

tensile strength, 354 

ticketing, 363 

valuing, 363 

weight, 104, 105, 181, 354 

Corundum, 306 

Cotton centre ropes, 73, 76 

ropes, 68 

Counterbalancing dead load, 164 
Craigleith stone, weight, 103 
Crane, power of, 2 
j Crank, work of, 2 
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Cretaceous, 253 
Cross-cutting veins, 272 
Cross-work on thick veins, 277 
Crusher, 215, 218, 222 
Crushing ore, cost, 177, 202, 208, 

rolls, 177 [209 

Cryolite, 306 

valuing, 362 

Cumberland coal, weight, 101 
Cutting coal, 144 

Dams, 59r 

Day’s work, horse, 5 

man, 2 

Dead load, counterbalancing, 164 
Deane pump, 136 
Deep leads, yields, 194 
Delta metal, 349 
De])th of veins, tables, 258 
Derbyshire coal, weight, 102 
Descending and ascending skips, place 
of meeting, 158, 159 
Devonian, 254 
Diabase, 263 
Dialling, 248 
Dials, 250 
Diamond, 304 

amalgam, 347 

specilic gravity, 103 

Diaphaneity of minerals, 296 
Didymiura, atomic weight, 354 

sj)ecific gravity, 354 

symbol, 354 

Dikes, 265 
Diorite, 263 
Dip, coal seams, 290 

veins, tables, 258 

Dirt, weight, 101, 102 
Discharge of water, measuring, 17, 
23, 26, 32, 37, 52 
Ditches, 39 
cost, 47 

determining proportions, 40 

evaporation from, 46 

finding area of section, 39 

capacity, 40 

• discharge, 49 
' section, 49 
velocity, 49 


Ditches, gold sluicing, 194 

grade, 47, 48 

leakage from, 47 

sloping sides, 39 

snow in, 47 

waste weirs, 47 

wet perimeter, 39 

Dolerite, 263 
Dolly stamp, 110 
Dolomite, weight, 102, 261 
Draught, horse, 6 
Drawing, man ]>ower, 2 
Dredger, Ball, 180, 381 

Cockburn, 382 

ejector, 381 

grab, 382 

Dredging, 180, 381 

cost, 180 

hard material, 382 

Dressing ore, 181, 384 
automatic, 384 

• compound vanner, 384 

• concentration, 182 

> difficulties, 181 

■ Ml of bodies in water, 184 

■ j’gg'Bg. 184 

• Liihrig system, 384 

objects, 181 

principles, 181, 184 

sizing, 184 

slime tables, 182 

Drilling, 116, 127, 128, 378 
air pressure, 122 

required, 121 

compressed air, 118, 379 

computing size of compressor, 

electric, 118 [121 

gears, hand, 115 

holes in granite, 127 

Ingersoll- Sergeant, 378 

percussive and rotary compared, 

plant, 120 [116 

St. Andreasberg, 118 

useful notes, 121 

Drills, 114, 127 

accessories, cost, 121 

cost, 120 

Ingersoll-Sergeant, 378 

reciprocating, 120 
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Drills, universal, 119 [162 

Drums, coefficient of adhesion to rope, 

computing diameter, 157 

dispensing with, 162 

for roj)e-winding, 148, 157, 159, 

starting, 362 [162 

Dryer, 22!) 

Ductilities of metals, 354 
Dutch metal, 349 
Dynamite, 126, 127, 128, 129 

weight per hole, 127 

Dynamos, cost, 84 


Earth, weight, 101, 102 
Ejector dredge, 381 
Electric accumulators, 88 

conductivities of metals, 354 

drilling, 118 

haulage, 354, 166, 157, 161 

cost of installation, 155, 

efficiency, 154, 155 [161 

losses, 154 

working cost, 155, 157, 

lighting colliery, 140 [161 

mine locomotives, 89 

motors, cost, 84 

traction, 88 

cost, 91 [84, 85 

transmission, power, 81, 82, 83, 

accumulators, 88 

cost, 85 

of plant, 87 

formulfp, 85 

— — most economical cur- 
rent, 86 

Schaffhausen plant, 

Electricity of minerals, 299 [87 

Electrum, 349 
Elevators, specification, 226 
Embolite, 314 
Emerald, 304 

specific gravity, 103 

Emery, 306 

weight, 102 [157 

Endless chain haulage, 149, 150, 156, 
— — rope haulage, 149, 156, 167 
Engines, specification, 217, 221 
— - winding, 157, 158 


I English mine ropes, 146 
Eocene, 252 
Epsom salt, 320 
Erbium, atomic weight, 854 

symbol, 354 

Eriogonum ovalifolium, 264 
Eruptive dikes, 265 
Evaporation from flumes and ditches, 
Excavating, 4 [46 

Expansions of metals, 354 
Explosives, 126 

intensity, 128 

rapidity, 128 

Fahlerz, Specific Gravity, 181 
Fauvel’s furnace and process, 369 
Feeders, 215, 218, 222 
Felspar, 263 

coal washers, 232, 233, 237 

weight, 102, 103, 181 

Fiery mines, explosives for, 129 
Firebrick, 227 
Firedamp, 128 
Fissure veins, 270 
Flat ropes, 145, 376 
Flavour of minerals, 299 
Flint, weight, 102 
Float gold, assaying, 345 
Flow of water, measuring, 17, 23, 26, 
32, 37, 52 

tables, 41 

Flumes, 39 
— • cost, 49 

— determining proportions, 40 

evaporation from, 46 

finding area of section, 39 

capacity, 40 

discharge, 49 

section, 49 

velocity, 49 

freezing, 46 

grades, 45, 48 

ice on, 46 

least wet perimeter, 46 

relative carrying powers, 46 

straight sides, 39 

— wet perimeter, 39, 46 
Fluorine, atomic weight, 354 

— symbol, 354 
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Fluorine, weight, 102 
Fluorspar, 320 

— and lead, 181 

weight, 103, 181 

Foot-pound, 1 
Footwalls, inclines in, 283 
Formations, British, 252 
Fossils, British, 252 
Fowlerite, 312 

France, day’s work of horse in, 5 
Free gold, assaying, 345 
Freezing,’ flnmes, 46 
Fuel, Warlich’s, weight, 102 
Furnaces, Fauvel’s, 369 

— for sweet-roasting pyrites, 366 
— - ideal for gold ores, 369 
reverberatory, 367 

— revolving cylinder, 368 
— rotating bed, 368 

shaft, 368 

sulphuric acid, 366 

ventilating, 138 

Fusibility of minerals, 303 
Fusible metal, 349 
— — solder, 351 
Fusing points of metals, 354 

Qabbro, 263 
Galena, 312, 335, 336 

assaying, 338, 343 

indicated by vegetation, 263 

valuing, 364 

weight, 181, 260 

Gallium, atomic weight, 354 
fusing point, 354 

— specific gravity, 354 

symbol, 354 

Galmeiveilchen, 264 
Garnet, specific gravity, 103 
Gas lighting colliery, 140 
Gauge of battery screens, 176 
Gauging flow of water, 17, 23, 26, 
Gedge metal, 349 [32, 37 

Gelatine, explosive, 129 

Gems, table of, 304 
Geological map signs, 256 
Geology, British, 252 
Geman mine ropes, 146 
silver, 349 


Germanium, atomic weight, 354 

symbol, 354 

Gerstenhiifer’s furnace, 368 
Glacial drift, indicating, 257 
Glaziers’ solder, 351 
Glossary, 387 

Glucinum, atomic weight, 354 

symbol, 354 

Gneiss, weight, 102 
Goffint ventilator, 137 
Gold, 310 

■ alluvial, cost of mining, 197 

— — amalgamating, 202 

and silver mills, combination, 

atomic weight, 355 [228 

batteries, 174 

bogus, 334 

bullion, refining, 212 

valuing, 211 

chlorination, 204 

coin, 350 

counterfeit, 334 

ductility, 355 

dust, assaying, 332 

float, assaying, 345 

free, assaying, 345 

fusing point, 355 

heat conductivity, 355 

in alloys, valuing, 211 

indicating, 257 

lixiviation with hyposulphites, 

malleability, 355 [208 

melting, 213 

mills, specifications, 215, 228 

— ores, assay chai-ges, 337 

chlorinating, 204 

roasting, 205, 208, 366 

treatment, 231 

percentages into troy weight, 

pyritous, assaying, 345 [209 

quartz mines, cost and profit, 

reckoner, 210 [202 

refining, 213 

sluices, 188 

dimensions, 198 

— — grades, 199 

sluicing by river current, 189 

cost, 189, 190, 191, 192, 

ditches, 194 [193 
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Gold sluicing nozzles, 1 08 

stores required, 199 

tunnels, 193, 195, 196, 197 

water consumed, 188, 191 

yields, 190, 191, 192, 193 

solder, 351 

specific gravity, 355 

symbol, 355 

tenacity, 355 

troy weight and percentages, 

weight, 104, 181, 260 [209 

yields from gravels, 190-194 

Gong metal, 350 

Goolden drilling machines, 119 

Goslarite, 318 

Grade, change, in hauling, 150 

line, hydraulic, 55, 5G 

of copper plates, 202 

ditches, 194 

flumes and ditches, 45, 48 

sluices, 199 [339 

Grains, Troy, compared with grammes, 
Grammes compared with Troy grains, 
Granite, 263 [339 

drilling holes in, 127 

weight, 102, 261 

Oano, 106 

Granulating bullion, 212 
Graphite, 320 

weight, 102 [176 

Gratings for stamp batteries, 175, 
Gravels, gold yields, 190, 191, 192, 
193, 194 

hydraulic removal, 25 [188 

water consumed in sluicing, 

power to move, 199 

weight, 101, 102, 261 

Grinding ore, cost, 177, 202, 208, 209 
Grindstone, weight, 102 
Grippers of safety cages, 167 
Grit, weight, 261 
Grizzly, 215, 218, 221 
Guibal ventilator, 137 
Gum from coal washing, 2S8 
Gun-cotton, 126, 127, 128, 129 

weight per hole, 127 

Gnn-metal, 350 

coefficients of strengths, 360 

— tenacity, 358 


Gun-metal, weight, 104 
Gunpowder, 126, 127, 128, 129 

charges, 127 

computing charge, 126 

weight per hole, 127 

Gypsum, 320 
weight, 102, 181 

Haile Chlokination, 207 

Hammers, 114 

Hand cutting coal, 144 

drilling gears, 115 

Hanging dial, 251 
Hard water, 172 
Hardness of minerals, 295 
Hauling, 81, 145 

■ change of grade, 150 

compressed air, 156 

comi)Uting diameter of drum. 

roll, 157 [157 

— — cost, 149, 156 

electric, 154, 156, 157, 161 

cost of installation, 165 

efficiency, 154, 155 [161 

losses, 154 [161 

working cost, 155, 157 

endless chain, 149, 150, 156 

rope, 149, 156, 157 [15' 

horse, cost, 155, 157, 160 

man, cost, 155 

Mekarski system, 156 

mule, 160 

permanent way, 168 

Petan system, 156 

pneumatic, 156 

rope and drum, 1 56 

self-acting incline, 152, 157 

steam locomotive, 156 

systems compared, 149, 15( 

157, 160 

tailrope, 149, 156, 157, 160 

trailing cable, 156, 157, 160 

underground, systems compare) 

149, 156, 157 

Head of water, 11, 12, 20, 22, 26, 31 
50, 61, 56, 57 

Heat conductivities of metals, 364 
Hellhoflte, 130 
Hematite, 310 
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Hemp centre ropes, 70, 72, 73, 75 

rope, 145, 146, 147, 148, 149 

tables, 65 

• tarred, 67 

Hills, horse loads up, 6 
Hoisting, 81, 145, 157 

best material for rope, 165 

cages, 165 

chains, loads, 159 

coefficient of adhesion between 

drum and rope, 162 

computing meeting-place of 

buckets, 158, 159 

revolutions of engine, 158 

counterbalancing dead load, 164 

dis]>ensing with drum, 162 

engines, 157, 158 

future considerations, 163 

great depths, 1 63 

Koepe system, 162 

prolonging life of rope, 104 

reducing factor of safety of rope, 

164 

ropes jamming, 163 

slipping, 162, 163 

safety cages, 166 

• hooks, 168 

speed demanded, 165 

starting drum, 162 

stress due to slack rope, 161 

tapered ropes, 163 

windlass, 1, 4 

Hone, weight, 102 
Hood’s amalgam, 347 
Horn silver, 314 
Hornblende, weiglit, 102 
Horse, day’s work, 5 

finding useful work, 7 

haulage, cost, 155, 157, 160 

loads, 6 

— power, 1, 5 [178 

— for centrifugal process, 

• crushing rolls, 177 

• deep wells, 1 34 
■ pumping, 132 

• stamp battery, 174, 

■of belts, 96 [178 

- iron ropes, 64 

• miners’ inch, 25 


Horse power of pumping engines, 
133 

■ ropes, 64, 77, 79 
• shafting, 95 

steel ropes, 64 

water, 11, 16 

windmills, 10 

tractive power, 6 

liorseflesli ore, 308 
Howell-White furnace, 223 
Hushing, 110 
Hydraulic engine, 59 

grade line, 55, 56 

power, 11 

pump, 59 

removal of gravel, 25 

sluicing, 25 [83, 84 

transmission of power, 81, 82, 

Hydraulicing, cost, 189, 190, 191, 

ditches, 194 [192, 193 

nozzles, 198 

— stores required, 199 

tunnels, 193, 195, 196, 197 

water consumed, 188, 191 

yields, 190, 191, 192, 193 

Hydrogen, atomic weight, 355 
symbol, 355 

Hyposulphites, lixiviating pyrites, 
208 

Ice on Flcmes, 46 
Iceland spar, 320 
Igneous, 255 

rocks, classified, 263 

Inaccessible distances, measuring, 
Inch of water, miners’, 23 [239 

Inclines, finding direction and length, 

horse loads on, 6 [247 

in footwalls, 283 

measuring, 241 

— ropes for, 81 

self-acting, 152, 157 

India, bullock power in, 8 
Indium, atomic weight, 355 

fusing point, 355 

specific gravity, 355 

symbol, 355 ^ 

Infusorial earth, 322 
Ingersoll-Sergeaut compressor, 379 
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Ingersoll -Sergeant drill, 378 
Inquartation of bullion, 212 
Iodine, atomic weight, 355 

fusing point, 355 

specific gravity, 355 

symbol, 355 

weight, 102 

Iridium, atomic weight, 355 
specific gravity, 355 

— symbol, 355 

— weight, 104 
Iron, 310 

— action of chlorides on, 353 

— — sulphuric acid on, 

affinity for sulphur, 355 [353 

and phosphorus, 364 

— — sulphur, 364 

zinc, 365 

atomic weight, 355 

bar, tenacity, 358 

boiler plate, tenacity, 358 

coefficients of strength, 360 
ductility, 355 

— electric conductivity, 355 
expansion, 355 

fusing point, 355 

heat conductivity, 355 

impurities, 364 

in aluminium, 362 

— - zinc ores, 365 

indicated by vegetation, 263 

indicating, 257 

malleability, 355 

ores, 310 

assaying, 338 

objectionable associates, 

valuing, 364 [181 

weight, 260 

pyrites, weight, 181, 260 

rolled, weight, 359 

rope, 145, 146, 147, 148, 149 

solder, 351 

specific gravity, 355 

symbol, 355 

tenacity, 355 

tensile strength, 355 

valuing, 364 

weight, 104, 105, 181, 260, 

355 


Ii’on wire rope tables, 62, 64, 69, 70. 
71, 72, 73 

wrought, measures, 105 

Ironstone beds, boring, 112 

Japanese Alloys, 350 
Jasper, specific gravity, 103 
Jet, specific gravity, 103 
Jigging coal, 236 

ores, 182, 183, 184, 384 

Johnson and Lund’s amalgam, 347 
Jordan’s centrifugal process, 178 
Jurassic, 253 

Kaolin, 322 

valuing, 362 

Kelmesblume, 264 
Kentish rag, weight, 103 
Kieselguhr, 129 

Kilns for sweet-roasting pyrites, 366 
Kilogrammetre, 1 
Kind-Chaudron shaft sinking, 131 
Kinetite, 130 

Koepe system of hoisting, 162 
Kuromi, 350 

Labour performed by a Man, 3 
Labourer’s working power, 1 
Lamps, miners’, 141 
Lancashire coal, weight, 101, 102 
Lanthanum, atomic weight, 355 

specific gravity, 355 

symbol, 355 

Lapis lazuli, 304 

specific gravity, 103 

Lava, weight, 102 
Latching, 248 
Lawrence’s amalgam, 347 
Lead, action of alkalies on, 353 

chlorides on, 353 

sulphuric acid o 

affinity for sulphur, 355 [31 

and antimony, 362, 364 

barytes, 181, 364 

copper, 181, 364 

fluorspar, 181 

silver, 182, 364 

zinc, 181, 364, 365 

atomic weight, 355 
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Lead, ductility, 355 

— electric conductivity, 355 
— ~ fusing point, 355 

— heat conductivity, 355 

impurities, 364 

in antimony, 362 

— — bullion, 214 

— — copper, 364 

— zinc, 365 

indicated by vegetation, 263 

indicating, 257 

— malleability, 355 
ores, 312 

— assaying, 337, 338, 343 

— objectionable associates, 

181 

percussion table for, 183 

treatment, 231 

valuing, 364 

weight, 181, 260 

plant, 263 

returning charges, 364 

solder, 351 

specific gravity, 355 

symbol, 355 

tenacity, 355 

valuing, 364 

weight, 104, 105, 260 

Leather belts, 93 
Lemielle ventilator, 137 
Levels, finding depth at which known 
length will strike vein, 246 

direction, 247 

length, 245, 246 

measuring, 241 

Lias, weight, 102 

Lift of deep- well pumps, 134 

Lighting, 140 

electric, 140 

gas, 140 

lamps, 141 

— paraffin, 1 41 
Lignite, weight, 102, 181 
Lime, 320 

— — weight, 102 [264 

Limestone indicated by vegetation, 

quarries, indicating, 256 

— • weight, 101, 102, 26l 
Limonite, 310 


Linn30ite, 312 
Literature, 400 
Lithium, atomic weight, 355 

fusing point, 355 

specific gravity, 355 

symbol, 355 

weight, 104 

Lithofracteur, 126 

Lixiviating pyrites with hyposul- 
phites, 208 
Loads, horse, 6 

man, 2 

Loam, weight, 101, 102 

Learning, 110 

Locomotives, mine, 89 

Lodes. See Veins 

Longwall mining, 289 

Looping ropes, 149 

Loose dirt, weight, 101, 102 

Liihrig automatic dressing system, 

Lustre of minerals, 296 [384 

McCuLLOcn^s Coal Washer, 232, 
Machine cutting coal, 144 [233 

Macroscopic examination of rocks, 
261 

Magnesian limestone, weight, 102, 261 
Magnesium, atomic weight, 355 
— specific gravity, 355 

symbol, 355 

weight, 104 

Magnetism of minerals, 299 
Magnetite, 310 

associates affecting, 182 

specific gravity, 102, 181 

Malachite, 308, 310 

specific gravity, 103 

Malleabilities of metals, 354 
Man haulage, cost, 155 
Manganblende, 335, 336 
Manganese, affinity for sulphur, 355 

atomic weight, 355 

indicating, 257 

ores, 312 

carbonates in, 364 

valuing, 364 

specific gravity, 355 

symbol, 355 

valuing, 364 
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Manganese, weight, 104 
Manilla ropes, 06, 77, 145 
Map signs, 256 
Marble, 320 

weight, 102, 261 
Marco, 106 
Marl, weight, 102 
Maryland coal, weight, 102 
Masonry, weight, 103 
Measures, metals, 104 

minerals, 102 

miscellaneous, 101 

surveying, 100 

water, id, 23, 26 

Measuring, 230 

across obstructions, 239 

coal in seam, 202 

inaccessible distances, 239 

inclines, 241, 247 

levels, 241, 245, 246, 247 

shafts, 241, 242, 244 

stream, 26 

water, 17, 23, 26, 32, 37, 52 

Meerschaum, 322 

Meeting place of buckets, computing, 
158, 159 

Mekarski haulage, 156 
Men, computing number for pile- 
driver, 4 

windlass, 4 

- day’s woi'k, 2 

- effective work, 1 

■ excavating, 4 

- labour performed by, 3 

■ loads, 2 

pile-driving, 4 

power, 1 

raising mineral, 4 

Mercury, affinity for sulphur, 355 

> atomic weight, 355 

fusing point, 355 [208 

lost in amalgamating pyrites, 

’ arrastra, 204 

• ores, 312 

• specific gravity, 181 
per stamp, lost, 175 

used, 176 

purifying, 204 

- specific gravity, 355 


Mercury, symbol, 355 

system in silver mills, 220, 2 

w^eight, 104, 181 

Metals, action of acids on, 353 

alkalies on, 353 

affinities for sulphur, 354 

atomic weights, 354 

coefficients of strengths, 360 

ductilities, 354 

electric conductivities,- 354 

expansions, 354 

fusing points, 354 

heat conductivities, 354 

malleabilities, 354 

rolled, weights, 359 

specific gravities, 354 

strains of bolts, 361 

strengths, 354, 360 

symbols, 354 

tables of, 306 

• properties, 354 

tenacities, 354, 358 

tensile strengths, 354 

valuing, 3G2 

weights, 104 

per cub. ft., 354 

Metamorphic, 255 
Mexican weights, lOG 
Mica, 322 

weight, 103 

Mill^ horse labour in, C 
Millerite, 312 
Millstone, weight, 103 
Miue locomotives. 89 

shaft, indicating, 256 

surveying, 239 

Mineralogy, British, 252 
Minerals, asterism, 298 

brittle, 295 

• colour, 297 

crystalline aggregates, 300 

diaphaneity, 296 

elastic, 296 

electricity, 299 

flavour, 299 

flexible, 296 

fusibility, 303 

hardness, 295 

lustre, 296 
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Minerals, macroscopic examination, 

magnetism, 299 [261 

malleable, 296 

non-metalliferous, 318 

odour, 299 

phosphorescence, 298 

sectile, 296 

tenacity, 295 

translucent, 296 

■ transparent, 296 

weights, 101, 181, 261 

Miners’ dials, 250 

inch, 23 

horse-power of, 25 

Mining, beds, 289 
, 289 

crosswork on thick veins, 277 

from bottom upwards, 284 

in large soft ore bodies, 285 

long wall, 290 

methods, 276 

Nevada timbering, 278 

• overhead, 276 

— pillar and stall, 290 

• quarrying, 289 

• rock-tilling, 281 

• seams, 289 

■ shafts in hanging walls, 283 

skipwa 3 ^s in footwalls, 283 

soft veins, 280 

stripping, 289 

underhand, 277 

with gob roof, 285 

W'ithout timber, 284 

Miocene, 252 
Mira metal, 350 
Mirror metal, 352 
Mispickel, 318, 335 

specific gravity, 181 

Moffitt’s amalgam, 347 
Molybdenum, atomic weight, 355 
specific gravity", 355 
— symbol, 355 

weight, 104 

Monton, 106 
Mortar, weight, 103 
Motive power, 1 
Motors, cost, 84 
electric, 88, 154 


Motors, hydraulic, 81 

pneumatic, 81, 156 

Mud, weight, 103 
Mule haulage, 160 

power, 7 

traction, cost, 91 

Muntz metal, 350 

bolts, 361 

weight, 104 

Nevada Timbering, 278 
Newcastle coal, weight, 101, 102 
Niccolite, 312 

Nickel, affinity for sulphur, 355 
and copper, 364 

I atomic weight, 355 

• electric conductivity, 355 

■ impurities, 364 

. ores, 312 

valuing, 364 

• weight, 260 

} s])ecific gravity, 355 

— symbol, 355 

weight, 104 

Niobium, atomic weight, 355 

specific p'avity, 355 

symbol, 355 

weight, 104 

Nitrates, 322 
I Nitre, weight, 103 
Nitrogen, atomic weight, 356 

I symbol, 356 

I Nitroglycerine, 126, 129 
I Nixon ventilator. 137 
I Norfolk stone, weight, 103 
Notch-gauging, 26, 36- 
Nozzles, hydraulic, 198 

Obstructions, measuring across, 

Ochava, 106 [239 

Odour of minerals, 299 

Oil lighting colliery, 141 

Onyx, specific gravity, 103 

Onza, 106 

Opal, 304 

specific gravity, 103 
Ore breaker, ‘hfi, 218, 222 
■ deposits, 264 

I banded structure, 272 
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Ore deposits, bedding:, 265 

• brecciated, 268 

• clay selvage, 271 

• compression fractures, 268 

- joints, 269 

" contraction planes, 265 

■ cross cutting, 272 

- crushed zones, 272 

- depth, 275 

» djmamic movements, 265 

• erupt i\"e dikes, 265 

• extent of fissures, 270, 

• formation, 264, 275 [275 
by replacement, 274 

• influence of country, 273 

■ intrusive bodies, 265 

■ large veins, 264 

• mining, 276 

• movements along fissure- 
planes, 272 

• on bedding planes, 265 
contact planes, 266 

• rock fracture planes, 
267 

rock fractures, 265, 267 

sedimentation, 265 

— sheeting country rock, 

• slickensides, 268 [268 

- sources, 264, 275 

• vein material, sources, 270, 

• walls, 270, 275 [275 

• veins crossing, 274 

• water passages, 265 
dressing. See Dressing 

— dryer, 223 

reducing, cost, 177, 202, 208, 

screens, 215, 218, 221 [209 

Ores, assaying, 324 

indicated by vegetation, 263 

indicating, 257 

tables of, 306 

treatment, synopsis, 231 

valuing, 362 

weights per fathom 260 

Orpiment, 318 
Orthoclase felspar, 263 
Osmium, atomic weight, 356 
specific gravity, 356 

— symbol, 356 


Osmium, weight, 104 
Otto ropeways, 169, 170 
Outcrops, 260 

Overfall for measuring stream, 36 
Overhead mining, 276 
Ox power, 8 
Oxidising pyrites, 366 
Oxygen, atomic weight, 356 
symbol, 356 


Paleontology, British, 252 
Palladium, 314 

affinity for sulphur, 356 

atomic weight, 356 

ductility, 356 

electric conductivity, 356 

fusing point, 356 

specific gravity, 356 

symbol, 356 

tenacity, 356 

weight, 104 

Panning, 325 

Pans, specification, 219, 223 
Pjiraffin lighting colliery, 141 
Paving stone, weight, 103 
Pearl, specific gravity, 103 
Pearsall’s water engine, 59 
Peat, weight, 103 
Pebbles, water power to move, 199 
Percussion tables, 182, 183, 184 
Percussive drilling, 116, 119 
Permanent way, 168 
Permian, 254 
J^etan haulage, 156 
'Pewter, 350 
Pewterers’ solder, 351 
Phosphates indicated by vegetatior 

mineral, 318 [26 

Phosphor-bronze bolts, 361 

coefficients of strength.' 

• rolled, weight, 359 [36 

* tenacity, 358 

Phosphorescence of minerals, 298 
Phosphorus, atomic weight, 356 

in iron, 364 

symbol, 356 

weight, 103 

Picking bands, 234, 236 
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Picks, 113 

Pile-driver, coraputing men for, 4 

driving, work of, 2 

Pillar and stall mining, 290 

Pinchbeck, 3i8, 350 

Pipes above and below grade line, 56 

finding diameter, 134 

quantity of water in, 134 

thickness, 57 [135 

velocity of flow in, 49, 

loss of head by friction in, 51 

measuring water discharge from, 

pressure, 57 [18, 22 

strength, 57 

table of dimensions and duty, 

thickness, 58 [58 

water flow in, formulae, 84 

weight, 105 

Pit ropes, 145 
Pitchblende, 316 
Pits, sinking, 131 
Plagioclase felspar, 263 
Plantation, measuring across, 239 
Plants indicating veins, 263 
Plaster of Paris, weight, 103 
Platinum, 314 

atomic weight, 356 

ductility, 356 

electric conductivity, 356 

fusing point, 356 

heat conductivity, 356 

malleability, 356 

specific gravity, 356 

symbol, 356 

tenacity, 356 

— weight, 104 
Plattner chlorination, 207 
Pleistocene, 252 
Pliocene, 252 
Plumbers^ solder, 351 
Plymouth Co/s chlorination, 205 
Pneumatic haulage, 156 

— power, 8 [83 

— transmission of power, 81, 82, 
Polishing mineral specimens, 261 
Polybasite, 314 

Porcelain, weight, 103 
Porphyrite, 263 
Porphyry, weight, 103 


Porter-Clark process, 173 
Portland cement, weight, 102 

stone, weight, 103 

Potassium, atomic weight, 356 

fusing point, 356 

specific gravity, 356 

symbol, 356 

weight, 104 

Power, animal, 5 

ass, 7 

bullock, 8 

head of water, 16 

horse, 1, 5 

hydraulic, 11 

man, 1 

motive, 1 

mule, 7 

— — ox, 8 

pneumatic, 8 

stored, transmitting, 84 

transmitting, 62 

belt gearing, 93 

cost, 82, 83 

electric, 81,82, 83, 84, 85 

hydraulic, 81, 82, 83, 84 

limits of distance, 84 

pneumatic, 81, 82, 83 

rope, 62, 81, 82, 83 

shafting, 92, 95 

stored, 84 

systems compared, 81, 82, 

water, 11 [83 

wind, 8 

Pre-Cara hr ian, 255 

Precious stones, specific gravities, 

table of, 304 [103 

Pressure of water columns, 134 
Prospecting, 108 

boring, 112 

by vegetation, 263 

stamps, 110 

Proustite, 314 

specific gravity, 181 

Pulleys, cast iron, 93 
covered, 93 

diameter, 65, 66, 67, 68, 69,70, 

71, 72, 73, 74, 75, 76 

distance between, 77 

faces, 94 
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Pulleys, finding size, 94 

speed, 94 

• for rope winding, 148, 157, 159, 

• grooved, 78, 162 [162 

■ power of, 2 

putting ro})es on, 79 

speoifioatious, 216, 220 

wooden, 93 

Pnlsonijcters, 1;>5 

Pulverising ore, cost, 177, 202, 208, 
Pumice, weight, 103 [209 

Pumping, 

■ again.st pressure, 132 

engines, 133, 135 

, finding horse-power, 133 

horse-power for, 132 

work of, 2 

Pum])s, centrifugal, 135 

Deane, 136 

finding diameter, Ic 

hydraulic, 59 

liVt, 134 

pulsometers, 135 

setting up, 132 

single acting, 132 

sinking, 136 

steam, 132 

useful uumbers for, 132 

Purjih; copper ore, s]»ecitic gravity, 
Pushing, man power, 2 [181 

Pvrite, 335, 3.*U> 

r>Titcs, 310, 316, 318, 322, 325 

amalgamatiug, 2o8 

assaying, 338, 342 

• chlorination, 182, 204 
— fauvelisitig, 369 

• identifying, 335 

■ lixiviating with hyposulphites, 

' oxidising, 336 [208 

■ by heat, 366 

quenching, 372 

roasting, 205, 208, 209, 366 

treatment, 231 

weights, 181, 260 

Pyritous gold, assaying, 345 
Pyrolusite, 312 
Pyrrhotite, 312, 335 


Quarrying V kins, 289 
Quartz mines, cost and profit, 202 

reducing, cost, 177, 202, 20^ 

weighClOl, 103, 181 [20 

Quenching pyrites, 372 
Quicksilver. See Mercury 

Railway Chair, Improved, 168 

horse traction on, 6 

sleeper, improved, 168- 

Rainfall, measure, 17 
Raising by windlass, 4 

■ from great depths, 163 

water, 132 

from deep wells, 134 

Ramsay coal washer, 233 
Realgar, 318 
Reciprocating drill, 120 
Reckoner for gold, 210 
Red lead, weight, 103, 104 

j tombac, 348 

Reducer, centrifugal, 178 
Reducing agents, 336 

~ ore, cost, 177, 202, 208, 209 
Reefs. See Veins 
Reference works, 400 
Reservoirs, 59 

Retort, amalgam. 217, 220, 224 
Returning charges, copi»er, 363 
^lead, 304 

Reverberatory furnaces, 367 
Rluctic, 254 

Rhodium, atomic weight, 356 

• specific gravity, 356 
- symbol, 356 

• weight, 104 [1 8 

Rittinger’s concentrating tables, 182 
Rive de Gier coal, weight, 102 
River, measuring, 26, 32 

■ across, 239 
— mining, 180, 381 

utilising for sluicing, 189 
R. N. coal measui'C, 101 
Road, horse traction on, 6 
Roasting gold ores, 205, 208, 209 

pyrites, 205, 208, 209, 366 

silver ores, 223 

Robinson coal washer, 232, 233, 23^ 
Roburite, 130 [236, 23 
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Rock crystal, weight, 103 

filling, 281 

fractures, 267 

Rocks, British, 252 

macroscopic examination, 261 

weights, 261 

Rolls, computing diameter, 157 

crushing, 177 

Roman cement, weight, 102 

Root ventilator, 137 

Ropes, adhesion to pulley, 78, 79 

aloes, 146, 147, 148, 149 

aluminium, 165 

and drum haulage, 156 

appearance, 145 

attaching, 149 

bending, 148 

best material for, 165 

breaking stress, 62, 65, 66, 67, 

68, 69, 70, 71, 72, 73, 74, 75, 76, 
77, 81 

centrifugal force, 77, 79 

choosing, 146 

circumferences, 65, 66, 67, 68, 

69, 70, 71, 72, 73, 74, 75, 76, 77, 
81 

co-efficient of adhesion to drum, 

friction, 78 [162 

compared, 81 

copper, 7 6 

cost, 62, 80 

cotton, 68 

centre, 73, 76 

counterbalancing dead load, 

deterioration, 148 [164 

diameters, 62, 63, 64, 65, 66, 

67, 68, 69, 70, 71, 72, 73, 74, 75, 
76, 77, 79 

of pulley, 65, 66, 67, 68, 

69, 70,71,72, 73, 74, 75, 76 

distance between pulleys, 77 

driving, 77, 375 

drums for, 148, 157, 159 

equations, 77, 78, 79, 80 

flat, 145, 376 

force available for transmitting 

power, 77,79 

frauds in, 145 

gravity, 77 


Ropes, guarantee, 147 [149 

hemp, 65, 145, 146, 147, 148, 

centre, 70, 72, 73, 75, 81 

horse-power of, 64, 77, 79 

imperfections, 145 

in Belgium, 146 

^ England, 146 

Germany, 146 

iron, 64, 69, 70, 71, 72, 73, 

145, 146, 147, 148, 149 

jamming, 163 

judging, 145 

lengths, 65, 66, 67, 68, 69, 70, 

71, 72^ 73, 74, 75, 76 

loads, 145, 146, 149 

at pulley, 77 

looping, 149 

lubricating, 78 

maintenance, 149, 374 

manilla, 66, 77, 145 

prices, 62 

prolonging life, 164, 374 

pulleys for, 148, 157, 159 

putting on pulleys, 79 

reducing factor of safety, 164 

round, 146 

safety strengths, 62, 65, 66, 67, 

68, 69, 70, 71, 72, 73, 74, 75, 76, 
77, 81 

sag, 77, 80 

selecting, 146 

sisal, 145 

sizes, 65, 66, 67, 68, 69, 70, 71, 

72, 73, 74, 75, 76, 77, 79, 81 

slack, stress due to, 161 

slipping, 162, 163 

steel, 64, 74, 75, 81, 145, 146, 

147, 148, 149, 165 

for, 147 

stiffness, 63, 65, 66, 67, 68, 69, 

70, 71, 72, 73, 74, 75, 76 

strengths, 65, 66, 67, 68, 69, 

70, 71, 72, 73, 74, 75, 76, 77, 81, 
145, 146 

tapered, 163 

tarred hemp, 67, 81 [79 

tension on driving-side, 77, 78, 

slack side, 77, 78, 

testing, 147 ^ [79 

2 H 
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Ropes, tramways, 169 

transmisswn ef power, 62 

unwinding, 66, 66^ 67, 68, 69, 

70, 71, 72*, 73*, 74, 75, 76, 374 

velocity, 64, 77, 79, 80 

— — wear, 63, 80 
— weights, 62, 65, 66, 67, 68, 69, 
70, 71, 72, 73, 74, 75, 76, 77, 81, 
i45, 146 

winding, 65, 66> 67, 68, 69*, 

70, 71, 72, 73v. 74, 75, 76, 148, 
374 [374 

wh'e, 145, 146, 147, 148, 149, 

working loads, 62, 65, 66, 67, 

68, 69, 70, 71, 72, 73, 74, 75, 76, 
77, 81, 376 

Rotary drilling, 116, 119 
Rottenstone, weight, 103 
Round ropes, 146 
Rubber belts, 93 
Rubidium, atomic weight, 356 

fusing point, 356 

specific gravity, 356 

symbol, 356 

weight, 104 

liuby silver, 314 

Ruby, specitiic gravity, 103 

Ruthenium, atomic weight, 356 

specific gravity, 366< 

symbol, 356* 

weight, 104 

Rutile, 316 

^AFKTV GAGES, 166 

grippers, 167 

hand levers, 166 

shoes, 167 

springs, 167 

testing, 166 

varieties, 166 

hooks,. 168 

. lamps, Ml 

Salt, 322 

solution, action* on copper, iron, 

and lead, 353 

weight, 103 

Saltpetre, weight, 103 

Sand, water power to move, 199 

weight, 101, 103, 261 


Sandstone, weight, 103, 261 
Sapphire, 304 

specific gravity, 103 

Scandium, atomic weight, 356 

symbol, 356 

Schiele ventilator, 137 
Schorl, weight, 103 
Schultae’s powder, 130 
Scoria, weight, 103 
Scotch coal, weight, 101, 102 
Screening coal, 236^,237 
Screens for stamp batf erics, 175, 
176 

Seams, contents, 292; 293, 294 

rti'iniflig, 289 

Sccurite, 130 
Sedimentation, 265 
Selenium, atomic weight, 356 

fusing point,. 356 

specific gravity, 356 

symbol, 356 

weight, 104 

Self-acting incline, 152, 157 
Sergeant and Flude’s furnace, 368 
Settled produce, copper, 363 
Settlers, specification, 219, 224 
Settling ponds, 238 
Severn, gauging, 32 
Shafting, diameter, 95 

horse-power, 95 

revolutions, 95 

specifications, 216, 220 

wrought iron, 92 

Sliafts,. blasting, 

finding depths for, 242 

difference of level, 244 

distance between, 241 

in hanging walls, 283 

indicating, 256 

measuring, 2*41 

ropes for, 81 

sinking, 131 

Shakudo, 350 

Shale, weight, 101, 103, 261 
Slieathing metal, 350 
Sheet-iron pi^ng, table, 57 
Sheppard coal washer, 232, 233 
Shibuichi, 350 
Shingle, weight, 261 
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Shot-hole, machine drill, 119 
Shovels, 113 
Side rite, 310 
Signal ropes, 376 
Silica in aluminium, 362 
Silicium brass, 351 
Silicon, atomic weight, 356 

specific gravity, 356 

symbol, 356 

Silurian, 255 
Silver, 314. 

affinity for sulphur, 356 

and talc, 182 

atomic weight, 356 

coin, 351 

— ductilit}", 356 

electric conductivity, 356 

furnace, 223 

fusing point, 356 

heat conductivity, 356 

in antimony, 362 

lead, 364 

- indicated by vegetation, 264 

- indicating, 257 

■ malleability, 856 

- melting, 213 

- mills, specifications, 218, 221, 

. ores, 314 [228 

assay charges, 337 [182 

objectionable associates, 

' percussion table for, 183 

■ treatment, 231 

■ weight, 181, 260 
reducing, 213 

refining, 213 

solder, 352 

specific gravity, 356 

symbol, 356 

tenacity, 356 

weight, 105, 181, 260 

Sinking pump, 136 

■ shafts, 131 

Siphons, flow of water in, 52 

measuriug water discharge from, 

Sisal rope, 145 [18, 52 

Sizing ores, 184 [159 

Skips, computing meeting place, 158, 
“ Slack ** made in cutting coal, 144 
Slack rope, stress due to, 161 


Slate quarries, indicating, 256 

weight, 103, 261 

Sledges, 114 
Slickensides, 268 

Slime tables, 1 8 [20,38 

Sluice gate, water discharge from, 

valve, water discharge from, 

Sluices, dimeusions, 198 [21 

gold, 188 

grades, 199 

power of w’ater in, 199 

Sluicing by river current. 189 

cost, 189, 190, 191, 192, 19:; 

■ ditches, 194 

gold, 188 

hydraulic, 25 

nozzles, 198 

stores required, 199 

tunnels, 193, 195, 196, 197 

water consumed, 188 

yields, 190, 191, 192, 193 

Smalt, weight, 103 
Smaltite, 312 
Smithsonite, 318 
Snow in ditches, 47 
Soapstone, weight, 103 
Soda, caustic, action on coppei*, iron, 
and lead, 353 

Sodium, atomic weight, 356 

chloride, action on copper, iron, 

and lead, 353 

fusing point, 356 

specific gravity, 356 

sulphate, action on co}>per, iron, 

and lead, 353 

sulphide, action on coppei*, iron 

and lead, 353 

symbol, 356 

weight, 104 

Softening water, 172 

Solders, 351 

Spar, weight, 103 

Specific gravities, 102, 181, 354 

Specular ore, weight, 103 

Speculum metal, 352 

Spelter solder, 352 

Sphere, 106 

Splint coal, weight, 102 

Springs of safety cages, 1 67 
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Square timbering, 278 
Stalactite, weight, 103 
Stamp batteries, 174 

compared with centrifugal 

plant, 178 

cost, 178 

for treatment, 178 

of erection, 178 

depth of drop, 175 

dimensions, 175 

drops per minute, 175 

duty per stamp, 175 

freight, 178 

gratings, 175, 176 

horse power for, 174, 178 

labour, 178 

life, 176 

mercury lost, 175 

used, 175 

renewals, 178 [222 

specifications, 215, 218, 

time occupied in erection, 

water used, 175 [178 

weight, 178 

of stamp, 175 

working results, 175, 178 

Stamps, dimensions of parts, 174 

prospecting, 110 

Standard copper, 363 

Stanley’s dial, 250 

Steam locomotive haulage, 156 

pumps, 132 

Steel bolts, 361 

coefficients of strengths, 360 

expansion, 355 

— for rope, 147 

fusing, point, 355 

mild, tenacity, 358 

tenacity, 355, 358 

weight, 104, 105 

wire rope, 62, 64, 74, 75, 81, 

145, 146, 147, 148, 149, 165 
Sterro metal, 352 
Stetefeldt’s furnace, 368 
Stibnite, 506, 335, 336 

specific gravity, 181 

Stone, weight, 103 

Stored power, transmitting, 84 

Strata, British, 252 


Stratification signs, 256 
Stream, measuring, 26, 32 

prospecting, 108 

Stripping veins, 289 
Strontianite, 316 
Strontium, atomic weight, 356 

ores, 314 

specific gravity, 356 

symbol, 356 

weight, 104 

Struve ventilator, 137 
Sulphides. See Sulphurets 
Sulphur, 322 

atomic weight, 356 

combustion, 366 

fusing point, 356 

heat generated, 366 

in copper, 364 

iron, 364 

nietals affinity for, 354 

sj)ecific gravity, 356 

symbol, 356 

weight, 103 

Sulphurets, amalgamating, 208 

assaying, 338, 342 

chlorination, 182, 204 

fauvelising, 369 

identifying, 335 

lixiviating with hyposulphites, 

oxidising, 336, 366 [208 

quenching, 372 

roasting, 205, 208, 209, 366 

treatment, 231 

weights, 181, 260 

Sulphuric acid, act .on on copper, iron, 
and lead, 353 
Survey map signs, 256 
Surveying, 239 

dialling, 248 

dials, 250 

inaccessible distances, 239 

inclines, 247 

instruments, 250 

latching, 248 

levels, 245 

— measures, 106 

shafts, 241 

underground, 248 

Sutter Creek chlorination, 206 
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Syenite, 263 

Sweet-roasting pyrites, 366 
Sylvanite, 310 
Symbols of metals, 354 


Table-lands, prospecting, 109 
Tachylite, 263 

Tail rope haulage, 149, 156, 157, 

Talc, 322 [160 

— and chlorination, 182 

silver, 182 

Tamping, 116, 126 
Tantalum, atomic weight, 356 

symbol, 356 

Tellurides, assaying, 338 

fauvelising, 369 

roasting, 205, 208, 209, 366 

treatment, 231 

Tellurium, 311, 316 

atomic weight, 356 

fusing point, 356 

specific gravity, 356 

symbol, 356 

weight, 104 

Temper, 352 

Tenacities, metals, 354, 358 

minerals, 295 

Tensile strengths of metals, 354 
Terraces, prospecting, 108 
Terracotta, weight, 103 
Testing minerals, 261 
Tetrahedrite, 335 
Thallium, affinity for sulphur, 356 

atomic weight, 356 

fusing point, 356 

specific gravity, 356 

symbol, 356 

weight, 104 

Thorium, atomic weight, 356 

specific gravity, 356 

symbol, 356 

Thorneburry safety lamp, 141 
Ticketing copper, 363 
Tile, weight, 103 
Timbering veins, 278 
Tin, affinity for sulphur, 356 

and antimony, separating, 343 

titanium, 364 


Tin and tungsten, 365 

assaying, 343 

atomic weight, 356 

ductility, 356 

electric conductivity, 356 

fusing point, 356 

heat conductivity, 356 

impurities, 364 

indicating, 257 

malleability, 356 

ores, 316 [181, 364 

objectionable associates, 

treatment, 231 

valuing, 364 

weights, 181, 260 

solder, 352 

specific gravity, 356 

symbol, 356 

tenacity, 356 

valuing, 364 

weight, 104, 105, 260 

Titanium, atomic weight, 356 

in tin, 364 

ores, 316 

specific gravity, 356 

symbol, 356 

weight, 104 

Tombac, 348, 352 
Tomin, 106 
Touite, 126 
Tools, 113 

boring, cost, 112 

Topaz, 304 

specific gravity, 103 

Tourmaline, specific gravity, 103 
Townsend’s amalgam, 347 
Traction, electric, 88 

cost, 91 

mule, cost, 91 

power for, 5 

Tractive power, 6 

Trailing cable haulage, 156, 157, 160 
Tramway, aerial wire rope, 169 

chair, improved, 168 

horse- traction on, 6 

sleeper, improved, 168 

Transmitting power, 62 

belt gearing, 93 

cost of plants, 82 
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Trausmitting power, cost of power, 
82, 83 [85 

electric, 81, 82, 83, 84, 

hydraulic, 81, 82, 83, 84 

limits of distance, 84 

pneumatic, 81, 82, 83 

rope, 62, 81, 82, 83 

shafting, 92, 95 

Stored, 84 

systems compared, 81, 82, 

Transport, 145 [83 

horse, 6 

man, 2 

Traprock, weight, 101, 103, 261 
'fraverse tables, 401 
'I'riassic, 254 

Trough washers, 232, 233, 234, 235, 
236, 237 [339 

Troy grains compared with grammes, 

weight and percentages, gold, 

Tubbing pits, 131 [209 

'Pubs, computing meeting place, 158, 
Tungsten, atomic weight, 357 [159 

ill tin, 3G5 

ores, 316 

specific gravity, 357 

symbol, 357 

weight, 104 

Tunnels, lilastiiig, 126 

gold sluicing, 193, 195, 196, 

Turbines, proportions, 13 [197 

Turnpike, horse traction on, 6 
Turquoise, 304 

specific gravity, 103 

Tutenag, 348, 352 
Type metal, 352 


Underouound haulage, 149 
Underhand mining, 277 
Unit of work, 1 
Uran mica, 316 
Uranium, atomic weight, 357 

ores, 316 

weight, 260 

specific gravity, 357 

symbol, 357 

weight, 104 


Valuing gold in alloys, 211 

metals and ores, 362 

Vanadium, atomic weight, 357 

specific gravity, 357 

symbol, 357 

Vanner, Luhrig^s automatic, 384 
Vegetation indicating veins, 263 
Vein material, sources, 270, 275 

walls, 270, 275 

softening, 280 

Veins, banded structure, 272 

bedding, 265 

brecciated, 268 

clay selvage, 271 

compression fractures, 268 

joints, 269 

contents, 260 

contraction planes, 265 

cross cutting, 272 

crossing, 274 

crosswork on thick, 277 

crushed zones, 272 

depth, 258, 275 [258 

dip, depth, and thickness, tables, 

dynamic movements, 265 

eruptive dikes, 265 

extent of fissures, 270, 275 

formation by replacement, 274 

indicating, 2^7 

indicative plants, 263 

influence of country, 273 

intrusive bodies, 265 

large, how formed, 264 [275 

metalliferous, formation, 264, 

mining on, 276 

movements along fissure- 

planes, 272 

on bedding planes, 265 

contact planes, 266 

rock fracture planes, 267 

outcrops, 260 

overhead mining, 276 

prospecting, 109 

quarrying, 289 

rock filling, 281 

fractures, 265, 267 

sedimentation, 265 

sheeting country rock, 268 

— slickensides, 268 
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Veins, soft, mining, 280 

stripping, 289 

thickness, tables, 258 

timbering, 278 

underhand mining, 277 

wall rocks, 261 

water passages, 265 

Velocity, ropes, 64 

water, 17, 23, 26, 32, 38, 49 

in pipe, finding, 135 

wind, 8, 9 

Ventilating, 137 

cost of air supply, 139 

formulae, 139 

furnaces, 138 

mechanical, 137 

efficiencies, 137 

Viola calam inaria, 264 

Waddle ventilapor, 137 
Walker’s amalgam, 347 
Walking, work of, 2 
Wall rocks of veins, 261 
Waste weirs in ditches, 47 
Water boiler scale, 173 

columns, pressure, 12 

consumed in gold sluicing, 188, 

— ^ — course, measuring, 26 [191 

dams, 59 

discharge, measuring, 17, 23, 

ditches, 39 [26, 32, 37 

engine, 59 

evaporation, 46 

fall of bodies in, 184 

falls, power, 16 

filtering 238 

finding diameter of pipe, 134 

discharge from nozzle, 198 

pressure, 134 

quantity in pipe, 134 

velocity in pipe, 135 

flow in pipes, formulas, 84 

tables, 41 

flumes, 39 

—3 — for coal washing, 238 I 

friction in pipes, 51 

hardness, 172 

head, 11, 12, 20, 22, 26, 38, 50, 

impurities, 172 [51, 56, 57 


Impurities, in ore-dwssing, 184 

leakage, 47 

measures, 16, 23 

measuring, 17, 23, 26, 32, 37, 

miners* inch, 23 [52 

moving power in sluices, 199 

pipes, 18, 22, 49 

Porter-Clark process, 173 

power, 11 

from river current, 189 

of head, 16 

pressure, 12, 17, 59 

purifying, 173, 238 

raising, 132 

from deep wells, 134 

reservoirs, 59 

softening, 172 

supply, calculating, 17 

transmission of power, 81, 82, 

used per stamp, 175 [83, 84 

velocity, 17, 23, 26, 32, 38, 49 

volume required by gravel, 188 

wheels, 11 

finding power, 11, 14 

proportions, 13 

Wedges, 114 [292 

Weights, coal, natural and broken, 

gold, percentages into troy, 209 

metals, 104, 354 

Mexican, 106 

minerals, 102, 181, 260 

miscellaneous, 101 

ores, 102, 181, 260 

pipes, 105 

pi'ecious stones, 103 

rolled metals, 359 

Weirs, table of discharges, 37 
Wells, power to raise water from 
deep, 134 

Welsh coal, weight, 101, 102 
Wet perimeter, 39, 46 
White metal, 352 
Willemite, 318 
Wind, force, 8, 9 

power, 8 

velocity, 8, 9 

Winding, See Hoisting 
engines, 157 

computing revolutions, 158 
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Windlass, computing men for, 4 

power of, 1 

Windmills, 9 
— horse-power of, 10 

sail angles, 10 

area, 10 

dimensions, 10 

Wire ropes, 145, 146, 147, 146, 149 
attachments, 374 

• cable laid, 374 

• cage guides, 376 

• driving, 375 

• flat pulleys, 374 

tables, 376 

• Lang’s lay, 375 

■ preservation, 374 

• round, 377 

— — pulleys, 3-74 [377 

• Siemens-Martin steel, 37 6, 

- signal strands, 376 

• storing, 374 

• strengths, 376, 377 

• tramways, 169 

- transmission of power, 62 

- uncoiling, 374 

• weights, 376, 377 

working loads, 376 

Witherite, 306 

Wolfram, 316 

and tin, 365 

weight, 104 

Wood, measures, 101 
Wooden drum pulleys, 93 
Work, 1 

performed by a man, 1 

unit, 1 [353 

Wrought iron, action of alkalies on, 

- action of chlorides on, 358 

• action of sulphuidc acid on, 

• bolts, 361 [353 

- coefficients of strengths, 

• expansion, 355 [360 

Wrought iron, fusing point, 355 

• tensile strength^ 355 


York flags, weight, 261 
Ytterbium, atomic weight, 357 

symbol, 357 

Yttrium, atomic weight, 357 
symbol, 357 

Zinc, affinity for sulphur, 357 
and antimony, 365 

— — arsenic, 365 
cadmium, 365 

■ copper, 365 

iron, 365 

lead, 365 

atomic weight, 357 

blende, assaying, 338 

— specific gravity,, 181 

ductility, 3*57 

electric conductivity, 357 

fusing point, 357 

heat conductivity, 357 

impurities, 365 

in antimony, 362 

lead, 364 

— indicated by vegetation, 264 
indicating, 257 

malleability, 357 

ores, 316 

objectionable associates, 

treatment, 231 [181 

valuing, 365 

weights, 181,* 260 

specific gravity, 357 

symbol, 357 

tenacity, 357 

violet, 264 

weight, 104, 105 

Zincite, 318 

Zirconium, atomic weight, 357 

specific gi '"ity, 357 

symbol, 35*4 


LOHDON : PKIKTED BY WILLIAM OLOWB8 AKB SONS. LIMITED, 
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ELECTRIC MINING WA CHINERY. 

W. T. G. Sd Co. have had 5 years’ practical experience 
in the application of Electricity to Mining, and with the 
improvements they have effected can safely recommend 
its use. 

Goolden Electric Mining Machinery has the following 

ADVANTAGES— 

CHEAPER THAN COMPRESSED AIR PLANT. 

HIGHER EFFICIENCY. This means less coal burnt. 
SIMPLE TO HANDLE by ordinary miners. 

The following are some of the types of Machinery made— 

ELECTRIC PUMPS. 

ELECTRIC ROCK DRILLS. 

ELECTRIC WINDING & HAULING PLANTS. 
ELECTRIC COAL-CUTTING MACHINES. 


This block shows a Goolden Electric Pump with patent enclosed 
mining motor, which can be worked in dirt, dust, or explosive gases. 

In a test of one of these pumps the following result was obtained, 
on a 600 feet lift, with 40 H.P. motor — 
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ENGINEERS’ TABLES. 

SPONS’ 

TABLES AND MEMORANDA FOR 
ENGINEERS, 

Selected and Arranged by 
J. T. HUaST, G.E., 

Mem. op the Society op Kngtneers, Mem. Phts. Society 
OP London, Sukvbyob War Department, Adthoe of 
* A&ohitegtorai, Surveyor’s Handbook,* 

* Horst’s Tredoodd’s Carpentry,’ &c. 


64mo, Hoan, Gilt Edges, Tenth Edition, Is.; 
in cloth Case, Is. 6d. 


This work is printed in pearl type, and is so 
small, measuring only 2 J in. by 1 1 in , by } in. 
thick, that it may be easily carried in the waistcoat 
pocket. 


E. & F. K. SPON, 126, STBANI), ZiOKDON. 

KEW FOBK: 12, OOKTIiAHJDT STBEBT. 
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Send for S Catalogue^ 

THE I^GERSOLL-SEJiGEANT 
DRILL COJUPAJiy, 

OF AMERICA. 


LONDON BRANCH OFFICE; 114>, QUEEN VIGTOItIA ST., 

LONDON, E.O. 



ROCK DRILLS, COAL CUTTERS, & QUARRY 
MACHINERY ON EXHIBITION. 

Duplicate parts of all their Machines kept in stock, 
to be shipped at a Minute’s Notice. 
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ELECTRIC 

MINERS’ LAMPS, 

AS SUPPLIED BY US TO 

Ifumerons Mines in Oreat Britain 
and the Oontinent. 

WRITE FOR PRICES. 


ELECTRICAL APPARATUS 

OF 


AS SUPPLIED TO 

Admiralty, War Office, G.P.O., and other Government Departments ; 
French, United States, Italian, Chinese, and other Governments; 
Houses of Parliament, London County Council, Marquis of Salisbury. 
Burma Ruby Mines Company, Limited ; De Beers Diamond Mines ; 
and all the principal Mining Companies, &c., &c. 

ELECTRIC MINING PLANT 

and Machinery for 

TRANSMISSION OF POWER. 

INCLUDING 


ORE CRUSHING. 

PUMPING. 

DRILLING. 

ESTIMATES 


LIGHTING. 

HAULING. 

COAL CUTTING 
SUPPPLIED. 


WOODHOUSE & RAWSOK UNITED, 

LIMITED, 

Engineers and Electrical Contractors, 

LONDON, PARIS, NEW YORK, BOMBAY. 
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EVERY ENGINE ROOM 



should have a 

“DIAMOND” 
WASTE OIL 
FILTER, 

For Purifying Eefuse 
Oil and Orease, 

AS USED BY THIS 

L. & N. W. Bailway Co. 
Midland Do. 

Gt. Northern Do. 

Gt. Western Do. 

Lancs. & Yorks. Do. 

L. B. dc B. C. Do. 

Central Argentine Do. 
Aktiebolaget Elektron. 
India Buhber, Gutta 
Beroha, &c., Co. 

Jones, Bnrton, & Co. 
Bratsberg Copper Smelt- 
ing Co. 

De Beers Diamond Mines. 
Burma Buby Do. 

J. M. Sumner & Co. 
Felber, Jucker, & Co. 
IntemationaJ Cotton 
Waste Co. 

Elmore Copper Deposit- 
ing Co., Ld. 

Brunner, Mond, & Co., Ld. 

And others too numerous 
to mention. 


WOODHOUSE & RAWSON UNITED, 


88, QUEEN VICTORIA STREET, LONDON, E.C., 

And TOHAimESStTBO, SYDNEY and MELBOURNE 
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MINING & MIUINGJMACHINERY. 

FRA^ & CHALMERS 

(Limited). 

We refer to the following ax a few cf the Mining Plants 
supplied by us : 

GOLD MILLS. 

Montana Company, Limiled (C.S.A.) 60 Stamps. 

Callao Mining Company Limited (Venezuela) 60 „ 

Homestako Mills, Black Hills 500 „ 

Morgan Gold Mining Company, Ltd. (Wales) . . 40 „ 

])awn Davt^n Block Gold Mining Company, Ltd. 

(Queensland) 10 „ 

\ cnezuelan Austin Gold Mining Co. (Venezuela) 40 „ 

SILVER MILLS. 

Granite Mountain Mining Co., Ltd. (U.S.A.) . . 140 Stamps. 
Bimetallic Mining Company, Limit^ (iJ.S.A.) 00 „ 

Pinnacles Tribute Company, S. Australia . . 1 Steam Stamp. 
Broken Hill Proprietary Ck>mpany • . , . 3 Steam Stumps. 

Palmurejo Mining Company, Mexico . . .• .. r>0 Stamps. 

Lexington Mine (U.S.A.) 60 „ 

CONCENTRATION WORKS. 

Broken Hill Proprietary Works. 

Poornian Mines, Burke, Idaho. 

Anaconda Copper Works, Montana. 

Paul Buucaud, l^uzzogno, Omegtia, Italy. 

SMELTING WORKS. 

Queensland Smelting Company, Marylwro*. 

Omaha anti Grant Smelting and liefining Company, U.S.A. 
Cliarapion Copper Company, Hew Zealand. 

Boros Kjobbervaerk, Norway. 

WOBKS : 

OHIOAGO, ILL., n.S.A., and ESITH, 
near LOIDDON. 

London Office ;-43,THREA0MEEDLE STREET, E.G. 
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FRASER & CHALMERS 

(Limited) 

MINIHG & WiLimG M ACHINERY. 

The best modem American Designs of 
Machinery for the Automatic 
CONCErNTRATrON— AMAIXIAM ATION — • 
SMELTING— LIXIVIATION— 
or OHLOKENATION of all Ores, 

All classes of Mining Machinery, 

AIR DRILLS, DIAMOND DRILLS, 
ROISTING ENGINES, OARS, CAGESr 
PUMPS, VENTILATOR PANS, &c., Ac. 

ENGINES and BOILERS, ICE MAKING 
MACHINERY,, STREET CABLE 
ENGINES- 

Having had the most extensive experience in the 
manufactwre of Mining and Milling Marhinerp ef 
amj Home in the United States^ all Deeigm and 
Construction can be depended on, 

WORKS: 

(mOAGOr ILL., II,a.A., and EEITff, 
neanr LONDON. 

London Office 43, THREADNEEDLE STREET, E.C. 

nimirated Pamphlets on Applieation. 
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THE LUHRI6 COMPOUND VANNED, ORE CONCENTRATOR & SEPARATOR. 



ADVBKTISEMENTS. 
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The Luhrig Coal & Ore Dressihg 
Appliances, Limited, 

32 , VictoFia Stteet, Westminstep, S.W. 

THE LUHRIG COMPOUND VANNER, ORE 
CONCENTRATOR AND SEPARATOR. 

This Concentrator and Separator is the newest and most perfect 
modern apppliance for concentrating slimes of all kinds of ores, 
and for separating automatically, at the same operation, the 
different mineral products from each other if more than one exist 
in the same ore. 

This vanner is superior to any known appliance, as it makes 
perfectly clean concentrates (which can be as highly enriclied as 
desired), and at the same time concentrates and separates the ore 
and also re-treats the obtained tailings and middle products. Its 
saving, therefore, of the metal-contents is far greater than by any 
other concentrator. 

The vanner is adapted for the concentration of ores containing 
only one or two metals, and also for the concentration and perfect 
separation (at the same operation) of compound ores containing 
several metals. 

The vanner is specially suitable for low grade Gold and Silver 
Ores and for Gold Ore Tailings. 

The power required to drive the vanner is very small. 

It treats more than any other concentrator in the same time. 

The water required is less than other slime appliances. 

No labour is required except supervision, as the vanner, once set 
and regulated for the ore to be treated, works automatically. 

Wear and tear reduced to a minimum. 


The luhrig COAL & ORE DRESSING APPLIANCES, Ltd., 

88, TtOTOEIA 8TEEET, S.W. 

2 I 
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ADVEET18BMENTS. 


Portable and 
Permanent 
Bailways 
and 

EoUingStock 
for Mining. 



Winding 
Engine and 
Pit-head 
Gear, Bopes 
Pulleys, 
Oages, &c. 


KE RR, STUART, & CO. 


20, BUCKLERSBURY, 



I-, O 3Sr ID O IST:, E- O- 



CATALOGUES & ESTIMATES FREE ON APPLICATION. 


CROMPTON & CO., 

LIMITED, 

MANSION HOUSE BUILDINGS, LONDON, E.C. 

Works:— LOUDON and OHELM8FOED. 

MANUFACTURERS OF 

Dynamos for Lighting. 

Dynamos for Transmission of 
Power. 

Electro-Motors for Pumping. 
Electro-Motors for Haulage. 
Electro-Motors for Ventilating. 

ELECTRICAL MACHINERY FOR 
ALL PURPOSES. 

Catalogues and all particulars on application. 

CROMPTON & Co., Ltd., 

Mansion House Buildings, London, E.C. 





